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PREFACE 

This treatise on the kinematical and dynamical principles governing the 
construction of metal-turning lathes is based upon the following schemes 
of work : — 

(a) Experiments upon the durability of tool-steels, carried out at the 
Manchester Municipal School of Technology, under the auspices 
of a joint committee, and published as a Eeport by the Man- 
chester Association of Engineers in 1903. 
(6) Researches upon the cutting forces acting upon lathe-tools, made 
with a dynamometer constructed in the Manchester Municipal 
School of Technology, the results of which, partially published 
as a paper read by one of the Authors at the Chicago meeting 
of the Institution of Mechanical Engineers, are now given more 
generally in the form of curves, 
(c) Data and particulars collected from practice, by the kind response 
of many of the best machine-tool makers to the requests of the 
Authors for information. 
These data are all equally necessary and fundamental to the preparation 
of a treatise on the rational design of lathes. 

Such rational design has been hitherto non-existent; the proportioning 
of parts and their kinematic arrangements having proceeded upon purely 
empirical bases. 

Until the advent of high-speed steel the necessity for a theoretical treat- 
ment was unfelt. But the new conditions imposed by the general adoption 
of the high-heat steel were found to have rendered obsolete the long- 
treasured experience and accumulated data of the tool-maker. A reasoned 
statement of the problems involved in lathe design, and an attempt to 
solve them upon a basis of experimentally ascertained fact, had consequently 
become imperativa 

The accident of the Authors having been largely responsible for the 
obtaining and publishing of <these experimental results transformed the task 
of preparing a treatise upon their application to practical designing into a 
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duty which devolved upon them, in justice, not merely to themselves, but to 
the Manchester School of Technology, which had borne a large share of the 
expense incurred, as well as to the engineering profession at large ; amongst 
whom, although many certainly more competent for the work might have 
been found, none were equally conversant with the general scope and the 
many details of the great field of research which had been covered. 

Thus the present volume forms a natural sequence to the work which has 
for some years been the staple product of the machine-testing laboratory 
of the School of Technology. It is offered as a modest example of the way 
in which the Technical High School of the future may strive to advance 
professional knowledge and lend its aid to industrial pursuits. 

The substance of the book has already appeared in large part in the 
columns of The Engineer. To the Proprietors and Editor of that journal the 
Authors wish here to tender their thanks for the many courtesies they have 
received from them. 

They beg further to express their sense of indebtedness to the numerous 
firms of machine tool makers who have aided them with much-needed 
information. 

JOHN T. NICOLSON. 
DEMPSTER SMITH. 
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^ cutting, is taken into account, it will be found that there is a best ratio of 
successive spindle speeds for each size of lathe, depending on the complex 
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CHAPTER I 

INTKODUCTORY 

In order to be able to design a machine upon scientific principles it is 
necessary to have an acquaintance with the forces which will be brought 
to bear upon each of its parts when it is doing its maximum and its average 
amount of work. The former condition governs the strength and stiflFness 
of its various elements, whilst the latter determines their form and nature, 
and the materials of which they are made, from the point of view of their 
durability. 

Strength, stiffness, and durability are, however, not the only factors which 
enter into the question. The conditions of manufacture which fix the cost 
price, the competition by makers, and the idiosyncrasies of purchasers which 
settle the sale price, are also very important — frequently paramount — 
elements in deciding what the design shall be. 

It is not suflScient, therefore, to consider the design of a machine tool in 
its technical and scientific aspect only; the economic or commercial point 
of view must also be taken into account. 

It is known, for instance, that a naiTOW belt running at a high speed 
is a more eflBcient transmitter of power than a broad one at a low speed. This 
high speed may be obtained by using either laige pulleys at a low speed of 
revolution, or small pulleys rotating rapidly. The former condition is known 
to give a more elBBcient drive than the latter; but it does not follow that 
it ought to be adopted in every case. The extra cost involved in its use 
may turn the scale of economic advantage against the weight of technical 
considerations which are in its favour. 

In the design of a fast headstock, again, it might at first appear, in these 

days of high speeds and heavy cuts, to be the whole duty of the designer 

to obtain not only the greatest possible range of speeds of the lathe spindle, 

but a variation of speed within those limits as nearly as may be continuous. 

I When, however, the question of first cost, as well as that of economical 

I cutting, is taken into account, it will be found that there is a best ratio of 

I successive spindle speeds for each size of lathe, depending on the complex 
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conditions which obtain in practice ; and the problem is again of the nature 
of a commercial compromise. 

To confine our attention to the technical aspect only of such problems 
would be, therefore, to condemn in advance the solutions we should 
obtain ; and it is to the constant recurrence of such incomplete treatment 
of engineering questions, indeed, that we must impute the disrespect with 
which practical men frequently regard conclusions deduced from " theory." 
In the last sentence of his preliminary dissertation " On the Harmony of 
Theory and Practice in Mechanics," Eankine says, ''The engineer or the 
mechanic who plans and works with xinderstanding of the natural laws that 
regulate the result of his operations rises to the dignity of a sage." This is 
undoubtedly true ; but it requires to be emphasized that the phrase " natural 
laws " has reference quite as much to economic conditions as to considerations 
merely physical. 

In the sequel, wherein we propose to discuss questions of the design 
and proportions of an article so commonly manufactured as a machine 
tool, it will, therefore, be the merest axiom of common sense to submit all 
technically obtained results to the crucial test of their fttness to survive 
under the normal and well-ascertained conditions of successful commercial 
production. 

Until quite recently machine tools have been produced in a very 
stereotyped way, the designs having evolved themselves by the processes 
of trial and error, rule of thumb, and the survival of the fittest. If long 
and costly, such a process of unintelligent experimenting very frequently 
leads to a result which it would be difi&cult to excel. That man would 
indeed be worthy of the name of sage who should, from the recesses of 
his brain, excogitate a machine of higher efficiency, greater suitability, 
and smaller first cost, than any of those in actual use which have been 
the object of the constant thought and experience of practical men for 
centuries. 

It is only when new conditions arise, such as the passing of the horse, 
the advent of high-speed steel, or the discarding of reciprocating in favour 
of rotary prime movers, that an appeal is made to theory or experiment 
for some assistance in bridging the chasm between past experience and 
present necessity. 

Such a state of things now obtains with regard to machine tools. The 
rapid development and universal adoption of the new high-speed steel has 
necessitated the abandonment of the old standard rules of lathe construc- 
tion and design, which are no longer found equal to the demands of the new 
material. The volume of results of experience so far compiled by single firms 
is too small to act as a universal guide in projecting new designs. It therefore 
appears to be opportune to ofier a new series of rules of design based upon 
a long series of experiments on cutting with the new steels, and checked by 
numerical data collected from the most recent practice of a number of 
eminent firms of machine tool makers. 

The deductions of a theory sound both technically and commercially 
cannot but be of value to those engaged in the design and manufacture of 
a class of machines which is at the present time in a state of transition 
owing to the new departui-e in tool steel production. It is hoped also that. 
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if the purchaser can be reached, he may be to some extent educated to a 
higher sense of responsibility in regard to altering standard lines of design, 
unless for proper and sufficient reason ; and, on the other hand, he wiU be 
told what he ought to expect in a lathe of a given size in the way of 
cutting power, spindle speeds, gear ratios, belt or motor drive, and the 
numerous details of design on which it is possible to give a verdict for 
or against. 



CHAPTER II 

HISTORICAL 

It seems but yesterday that visitors to the Paris Exhibition were astonished 
by the sight of an American lathe cutting great spiral shavings of steel which 
came oflf at a blue heat, whilst the point of the tool itself was visibly red-hot 
in the daylight. Yet there are now many firms in Britain which produce 
tool steels capable of much greater feats of endurance and efficiency. 

If great credit is due to Messrs. Taylor and White for the great advance 
they made in perfecting Mushet's discovery of self-hardening steel, it must 
also be admitted that the British steel makers have spared no expense of 
time or talent in following the matter up, and obtaining a record for quality 
and uniformity and ease of manipulation of their steels which is now nowhere 
surpassed, if, indeed, it be equalled. 

There are two distinct kinds of tool steel, called respectively water- 
hardened, or carbon steel; and air, or self-hardening steel, which was 
discovered by E. Mushet in 1860. Mushet found that by adding manganese 
and tungsten to the steel, it maintained its cutting edge at much higher 
temperatures of the tool point ; and that, consequently, much higher speeds 
of cutting than had previously been attained were possible. This steel 
came, therefore, into very general use, and completely replaced carbon steel 
for roughing out; but the great possibilities latent in tungsten steel were 
not revealed until Messrs. Taylor and White undertook a long series of 
experiments to investigate the phenomena of the process of hardening it, at 
the works of the Bethlehem Steel Company, Pa. 

Up to this time all air-hardened steel had been invariably heated only 
up to a cherry-red temperature — about 1550° F. — and users were cautioned 
against heating beyond this before allowing the tool to cool gradually or in 
a blast of air. What Messrs. Taylor 'and White discovered was that when 
air-hardening steels are made with certain constituents in ascertained pro- 
portions they are greatly improved in their cutting efficiency by being 
heated to much higher temperatures than had ever before been tried in the 
process of hardening. They foimd that, although the steel appeared to be 
injured by heating to any temperature between 1550° and 1725° P., 
above the latter temperature and up to about 2000° P. — when the steel 
softens or crumbles when touched with a rod — ^the efficiency was greatly 
increased. If the greatest safe cutting speed for steel heated to cherry-red 
was 30 feet per minute, then, when recourse was had to heating up to the 
" burning " point, the allowable speed would be increased to about 80 or 90 
feet per minute. This discovery of Messrs. Taylor and White has proved 
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to be the beginniog of a new epoch in machine practice. It has brought 
about the running of machines at much higher speeds than have hitherto 
been thought possible; and by demanding closer speed regulation with 
greater range and a greater attention to the conditions governing power* 
strength, and rigidity, it has created a new era in machine-tool design. 

As the result of their experiments, the Bethlehem Steel Company were 
able to perform great feats in the way of high temperature and high-speed 
cutting in 1900 ; but their results were obtained on very soft material, and 
doubts were at first eptertained as to the practical value of the discovery in 
general engineering work. 

Numerous tests were, in consequence, set on foot in workshops all over 
the world, but the opinions formed as the result of such sporadic trials were 
so conflicldng that the Berlin section of the Verein Deutscher Ingenieure 
decided to take the matter up ; and in the spring of 1901 they set out to 
ascertain the value and applicability of the new steel in practical work. 
The results of their extensive series of experiments were published in the 
Zdt&chHft for September 27, 1901. 

Beblin Experiments 

The object of the trials was to determine, keeping in view the durability 
or life of the tools : (1) What maximum surface could be machined in unit 
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of time with a given cut of ^^^ in., the traverse and speed being at the option 
of the experimenters. (2) What weight of cuttings could be removed per 
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unit of time with the greatest possible depth of cut, the traverse feed and 
speed being again left open. 

The materials operated upon were grey cast iron, cast steel, and forged or 
rolled Siemens-Martin steel of various ultimate tenacities. The tool steels 
were those supplied by the three firms, Bergische Stahl Industrie, of Eem- 
schied ; Grebnider Bohler and Co., of Vienna and Berlin ; and Poldi-Hutte, 
of Vienna and Berlin. About two hundred and fifty trials, of duration up to 
two hours each, were made, and a selection of the best results is represented 
in Fig. 1, where fair curves are drawn through the spots obtained for each 
material. 

These curves give the relation between the cutting speeds and the areas 
of cuts for which the tools endured at least one hour — with one or two excep- 
tions — without requiring regrinding. The curve marked " soft steel " is for 
cuts taken upon Siemens-Martin steel of 26 tons tenacity; whilst the 
" medium steel " and " hard steel " curves were for the same material, but 
with ultimate strengths of 40|: and 49 tons respectively. 

The analyses and other properties of the various materials operated upon 
are summarized in the annexed Table I. ; and this table contains the same 
figures for the materials used also in the Manchester experiments to be 
referred to below : — 

TABLE I 

Chemical Composition and Strength Properties o/{A) = Cast Iron used in 
Berlin and Manchester 





Berlin. j 


Manchester. 




Carbon (total) 
„ (oomb 
Qraphite . . 
Silicon . . 
Manffanese . 
Sulphur . . 
Phosphorus . 

Crushing stre 

Name . . . 


ined)" ; 


8-91 
0-45 
8-46 
205 
1-00 
0-10 
0-10 


0-459 
2-608 
8-010 
1-180 
0-081 
0-778 


0-585 
2-720 
1-708 
0-588 
0-061 
0-526 

44-0 

tons per sq. in. 

"Medium" 


ton 


1-150 
1-875 
1-789 
0-848 




01614 
0-782 


Dgth. . . 1 


26-9 
tons per sq. 
"Soft" 


in. 


48-5 
is per sq. in. 
"Hard" 


(«] 


= Steel us 


ed in Berlin 


and 


Manchester. 








Berlin. 
Siemens-MaTtin 






Manches 
Wbltworth flaU 


»r. 
i-pres 

1 

\ 

er 

. 

«r 

L 

m" 


led. 


Carbon . . 
Silicon . . 
Manganese . 
Sulphur . . 
Phosphorus 

Tenacity. . 
Yield point . 
Name . . . 


0-80 
006 
0-58 
005 
007 

26 to 82 

tons per 

sq. in. 

"Soft" 


0-64 

0-21 

0-98 

0025 

005 

40i 

tons per 

sq. in. 

" Medium " 


1 0-63 

0-20 

i 1-22 

1 005 

0-05 

tons per 
sq. in. 

"Hard" 


tc 

8 

tc 

P 

Ci 


3-198 0-275 
[)'055 008€ 
[)-605 0-65C 
[)-026 0-087 
0085 0-048 

26-8 28-9 
ms per tons p 
q. in. sq. in 
12-8 9-8 
>ns per tons p 
iq. in. sq. ir 
Soft" "Mediu 
1 


0-514 
0-111 
0-792 
0-033 
0-037 

46-7 

tons per 

sq. in. 

19-7 

tons per 

sq. in. 

' "Hard" 

1 
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Manchester Experiments. 



These experiments were begun at the Manchester Municipal School of 
Technology in October, 1902, and extended over ten months. The expense 
incurred was jointly borne by the Manchester Association of Engineers, by 
the School of Technology, and by the firm of Sir W. G. Armstrong, Whitworth, 
and Co. The report upon them was presented at a meeting of the associa- 
tion on October 24, 1903, and may be obtained from the secretary. The 
working members of the committee responsible for the carrying out of the 
experiments were Mr. Daniel Adamson, to whose energy and ability the 
success of the experiments were largely due, Mr. H. N". Bickerton, Mr. E. G. 
Constantine, Mr. George Daniels, and one of the Authors. 

The questions which the committee set themselves to answer in these 
trials were — 

(1) What maximum cutting speeds can be obtained with the new steels 
when taking light or finishing cuts upon hard, medium, and soft steel, and 
upon hard, medium, and soft cast iron ? 

(2) What maximum area of surface can be machined in a given time 
when taking a y^-in. cut with the new steels upon the six given materials ? 

(3) What greatest weight of cuttings can be removed in a given time from 
these three grades of steel and of cast iron ? 

(4) What forces are operative upon the tool in making these cut», and 
according to what law do these forces vary with the speed of cutting and the 
area and shape of the cut ? 

(5) Can the new steels be forged and tempered by an ordinary smith, and 
yet be relied upon to give results as to cutting speed and durability similar to 
those obtained when they are delivered ready ground by the makers ? 

The answers to the first four of these questions are concisely given in 
Table II., which has been abstracted from the results of the report. The 
table is self-explanatory, and it need only be added that " non-failing tools " 
are those which were capable of further cutting at the expiration of twenty 
minutes; and tools which failed were those whose withdrawal was necessary 
before the expiration of that time. In the last two columns are given the 
values of the cutting forces and the cutting stresses— or forces divided by 
areas — for each variety of steel or cast iron, irrespective of the size or shape 
of the cut taken ; the assumption that the cutting force is proportional to the 
area of the cut being, as a first approximation, assumed to hold. 

Figs. 2 and 3 give these results as originally published in the report, and 
the curves plotted in them will be found to be generally in close agreement 
with the numerical results of Table II. 

The speeds plotted on a base of area of cut are those at which the tool 
must be run for the corresponding cuts, if it is to last equally long in each 
case. The formulae found most closely to represent the relation between 
speed and area were of the form (yide Eeport) — 

i; = -J-^+M 
V being the cutting speed in feet per minute, a tfce area of the cut in square 
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TABLE II 
Mancliester ErperimenU 



Intended cut 
and traverse for 
all tools, inches. 



Actual area of cut, 
square inches. 



Non-fatling 
tools of 
greatest 
speed. 



Average of 

all non- 
falling tools. 



Cuiting speed, feet 
per minute. 



Greatest tHJSt^ 



^«^i. rs* 



Weight removed, lb. 


per minute. 


Greatest 


Average 


weight 


welgbt 


removed by 


removed by 


any non- 


all noD- 


falling 


fkiltng 


tool. 


tools. 



Force and stress. 



AvoMM Average cot- 

^;ss? "Pi..-*"- 

force of all 



ofallnon- 

non-falllng ^lliig tools, 

square inch. 



tools. 






i 

4 



00082 
00106 
00216 
00434 



Soft Steel (Whitworth Fluid-Messed), 



0-0086 
00104 
00210 
00422 



149-2 125*9 

1110 : 95-8 

740 62-8 

50-7 44-5 



1-72 
414 
6-28 
7-6 



1-466 
8-42 
4-88 
6*26 



921 

2,690 

6,454 

11,740 



117 
111 
116 
124 



Medium Steel (Whitworth Fluid-pressed). 



A 


A 


00089 


00086 


105-2 


101-7 


A 


A 


00114 


00115 


800 


71-8 


A 


* 


00227 


0022 


61-4 


49-9 


«• 


* 


00425 


00428 


38-6 


87-8 



1-5 


1-296 


925 


817 


2-8 


2,743 


3-88 


3-68 


5,742 


5-60 


5-47 


10,437 



115 
106| 
116 
109 



A 



A 

A 

i 



0-0040 
00124 
00219 
0-0452 



Hard Steel {Whituxnih Fluid-pressed). 



00037 
0012 
00219 
00438 



52-6 
41-2 
80-8 
20-2 



61-3 
40-6 
30-8 
19-6 



0-73 
1-71 
2-8 
31 



0-66 
1-64 
2-8 
2-91 



1,274 154 

3,658 136 

7,960 162 

15,220 156 



A 

A 



A 



00039 0-00397 

00124 I 00123 
00214 00210 

00459 I 00456 



Soft Cast Iron. 

1090 ! 105-25 

99-5 I 85-26 

60-2 I 661 

65-5 I 50-75 



1-3 1-27 

3-6 31 

4-38 3-97 

7-46 7-02 



489 ! 65 

1,051 j 38 

2,555 ! 54 

4,403 I 43 



Medium Cast Iron. 



iV 


A 


0-0033 


00035 


69-7 


54-1 


0-69 


0-65 


818 , 


104 


A 


A 


0-0115 


00107 


490 


44-6 


1-78 : 


1-51 


2,045 , 


85 


A 


i 


00227 


00201 


331 


32-5 


2-23 


207 


3,630 ' 


80J 


s 


i 


00446 


00443 


24-3 , 


23-2 


3-32 


313 


6,036 1 


61 










Hard Cast Iron 










A 


A 


0-00375 


0-0037 


38-6 


87-6 


0-48 


0-45 


963 


115 


A 


A 


001173 


0011 


31-9 


29-7 


1-18 


1-04 


2,009 


81 


A 


i 


0-02112 


0-0204 


24-7 , 


22-74 


1-62 


1-39 


3,772 


83 


8 




00469 


00432 

• 


22-0 


190 


8-2 


2-56 


5,443 


66 
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inches, and K, L, and M constants, whose physical significance need not be 
further discussed at this point, but whose numerical values for the various 
materials operated upon are as follows : — 



TABLE in 



Constant. 



K 
L 
M 



Fluid prened steel. 



Soft. 



1-95 
0011 
15 



Mcdiom. 



1-85 

0-016 

6 



nam. 



1-03 

0-016 

4 



Soft. 



810 

0025 

8 



Caat>lron bars. 



Mcdlam. 



1-66 
0-030 

7 



Hard. 



1-80 

0035 

5-5 
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Pig. 3.— Manchestbb Tests— Oast Iron. 



In Fig. 4 the speed-on-area results from both the Berlin and Manchester 
trials have been plotted together — open dots = Beriin, full dots = Manchester. 
The thick black curve depicts the relation between cutting speed and area of 
cut given by the formula — 



V = - + 15 

a 



(1) 



which will be very frequently used in the sequel {vide Chapter VI.). Here 
V = cutting speed in feet per minute, and a = area of cut in square inches. 

This is the formula for the speed at which a given cut is assumed to be 
taken under ordinary workshop conditions, and at which the heaviest cut for 
which a given lathe is designed must be taken, when under test. 

It is seen to be well within the highest values obtained in the Manchester 
experiments, but passes close to those obtained in Berlin for the Kghtest cuts. 
This is justified by the consideration that the Berlin trials give speeds for 
which the tools lasted over one hour, whilst the Manchester results are for 
tools intended to last only twenty minutes. The so-called " soft steel " used 
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in the Manchester trials was very tough, and it is therefore^ possible that the 
constant — in Formula (1) — may be taken as high as twenty-five for ordinary 
" machinery steel," without an undue amount of destruction of the tool being 
encountered in ordinary practice. 

The round-dot curve traced on Fig. 4 shows the relation which would 
have obtained between speed and area had it been experimentally found that 
the speed of cutting could increase as fast as the area of the cut diminished, 
i,e, that the same weight could be machined off per minute for a light as for 
a heavy cut. We see at a glance that when the area is reduced from 01, 
with a speed of 33 ft. per minute, to 0*05 square inch, e,g, the speed, instead 



200 




Fig. 4.— Tool Stbbl Tests— Bbrlin and 



of being increased 100 per cent., can only be raised by 42 per cent., and that 
if reduced to 0*025 square inch the speed can only be about doubled, instead 
of being increased fourfold. The weights removed will, therefore, be \ and \ 
respectively, in the two latter cases, of what could be removed when the cut 
was O'l and the speed 33. For light cuts, such as ^g in. by ^^ in., of area 
0*005, weight can be machined off which only amounts to 20 per cent, of 
what can be removed with a cut of 1 in. by -^^ in. traverse. 

In Fig. 5 are shown curves which fairly represent the weights removed 
per minute in the committee's experiments and in subsequent trials. It is 
inserted here for convenient reference. 
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II 



The full lines are for steel; the dotted are for cast-iron. The spots 
give the actual results obtained, being the greatest weights removed by any 
non-failing tool on each of the four series of trials made with the six samples 
operated upon. As ordinates we have pounds removed per minute, as abscisssB 
area of cut—or depth of cut by width of traverse. Since W = MaV, where 
M is the density of the material, a the area of cut, V the speed, and W the 

W 

pounds removed per unit of time, we have — = MV = tan a, say. This 

means that if a sloping line be drawn through the origin or co-ordinates of 
the diagram of weights and cuts, making with the axis of areas an angle a, 
whose tangent is MV, this sloping line will join points, giving the weights 

CfMGff^M OF iVE^SwrS REHQVEDA CUTTtHQ SPEED Ot4 AREA OF CUT 
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AREA OF CUT (cut H trstfersB) 

Fig. 5.— Weioht of Mbtal bbmovbd; 



removed for each cut at the given speed V — if this be a possible speed. Such 
sloping lines will, in fact, be (contour) lines of constant speed, and are a 
useful addition to the diagram of weights removed. Thus — e.g. if we wish 
to know at what speed 5 lb. per minute can be removed, we can tell at a 
glance by running across the diagram upon the 5 lb. line that the speed 
would have to be 200 ft. per minute for | in. by ^ in. cut (0 00391 area), 
96 ft. per minute for J in. by J in. cut (00156 area), and 33 ft. per minute 
for a f in. by 4 in. cut (0*047 area). 

The first speed is impossible on materials operated on, the second is 
problematic, and the third could only be taken upon the milder varieties of 
steel. Or, conversely, we can tell the weights which will be removed if we 
run at a given speed on a given material ; also the depth of cut and width 
of traverse we may safely^employ at that speed. 



CHAPTER III 

CUTTING FORCES — METHODS OF EXPERIMENTING 

In the trials of the Manchester committee, which we described in our second 
chapter, there appeared an entire lack of uniformity in the shapes and angles 
of the tools submitted by the eight competing firms of steel makers. There 
was also no obvious connection between the shapes and angles of the tools 
and the cutting forces exerted by these tools as deduced in the report from 
the electrical power measurements made by the committee. Neither did the 
shape or angle supply a clue to the causes of success and failure in the 
various durability trials with different tools. 

The type of lathe for heavy and rapid cutting, which was soon found to 
be generally necessary owing to the universal adoption in practice of the 
improved steel, called, on the other hand, for a reconsideration of the whole 
question of lathe design from the point of view of the forces exerted by the 
tool Approximately correct values for the vertical cutting force at the 
heavier cuts had been obtained by the Manchester committee ; but the magni- 
tude of the forces required for the traversing and surfacing movements of the 
slide rests were quite unknown. 

It was also very desirable to have a more definite knowledge of the law 
of variation of these forces with the shape and size of the cut, and with the 
shape and cutting angle of the point of the tool. 

A special lathe-tool dynamometer was therefore designed and constructed 
at the Manchester Municipal School of Technology for the more exact 
measurement of the quantities in question by a direct method, instead of as 
the relatively small difference of two measurements of electrical Korse-power. 

Thanks are due to the authorities of that school for defraying the not 
inconsiderable expense incurred for power, light, and mechanical assistance, 
and to Messrs. Sir W. G. Armstrong, Whitworth and Co., for the lathe and 
materials used in the prosecution of a somewhat extensive research. 

The Lathe Dynamometer. — This has been already fully described in a 
paper read by one of the authors at the Chicago (1904) meeting of the Insti- 
tution of Mechanical Engineers [Proc. 1905], and a short description only 
need here be given, with three views redrawn to a larger scale. After con- 
siderable experience it was found possible to measure, without undue chatter- 
ing, cutting forces up to magnitudes of about ten tons, with the tool so 
suspended as to be capable of freely moving in all three co-ordinate directions, 
except as constrained by the measuring apparatus. From the views shown 
on this page, it will be seen that the tool can turn about an axis (parallel to 
that of the work) formed by the points of two screws Q which pass through 
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a pair of sliding blocks W, fitting in slots in the casting 0. This casting is 
recessed to provide for the gimbal tool-holder P, which pivots on those pointed 
screws Q. Two similar screws R, see Fig. 7, pass through the gimbal into 




FiQ. 6.— Laths Tool Dykamomxteb^Sios Eubvatiok and Flan. 



popmarks in the bottom and top of the tool itself. Thus tool and gimbal 
together are movable about the horizontal axis QQ; whilst the tool alone 
is free to move about the (nearly) vertical axis formed by screws EE. 

There is but little force exerted upon, and therefore but little fnctional 
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resistance due to, the points of screws QQ — as also ER — for the cutting 
force, acting vertically on the tool point, is almost wholly balanced by that 
on the strut M, which transmits the thrust to another strut A, and so into 
the diaphragm pressure measuring vessel E. A and M might be in one piece 
if there were room ; but to get round the bar a cast-steel beam J is interposed 
instead, which has knife-edged fulcrums. The actual force on the tool, corre- 
sponding to a given pressure shown by gauge D, was ascertained by hanging 
known dead weights on the tool point. In this way a direct calibration is 
effected without having to rely upon measurements of leverages or areas, and 
the vertical component of the cutting force Y is accurately known. 

The component parallel to the axis of the work, called the traversing force 
T, is found by placing two struts U and V — similar to M— between the sides 
of the tool and the two diaphragm force measures S and T — see plan. In 
order to avoid lateral oscillations it is necessary to put an initial pressure in 
the struts U and V, and on the vessels S and T, by screwing out the nuts 
and lengthening the struts before commencing to cut. If, then, the diaphragms 
are properly adjusted, the pressure in S falls by as much as that in T rises 
when the cut goes on. If, upon starting to cut, S is observed to rise and T 
to fall, the traversing force is said to be negative ( — T). This occasionally 
happens. 

Lastly, the approximately horizontal component of the cutting force is 
measured by direct transmission through strut Y to diaphragm pressure 
vessel X. 

Before taking a cut a pressure is put on this diaphragm also by screwing 
out Y, and this thrusts the blocks W against the front of their slots in the 
casting 0, but not against the work. 

The backward or surfacing force S occasioned by the tool taking its cut 
first relieves the blocks from thrust against 0, and, if care is taken not to 
put too great an initial pressure on the diaphragm, the whole value of the 
force S will finally be indicated by the pressure in X. The axis of rotation 
of the tool QQ and KB are close to the end into which strut Y bears, so 
that the small motions of the tool point do not affect the direction of V and 
the reading of X. 

For further details regarding the construction of the diaphragm vessels 
and the mode of using the dynamometers during a test, reference must be 
made to the above-mentioned paper. 
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More than one thousand trials on different materials with various shapes and 
sizes of cut, and with differently formed tools, have been carried out by the 
authors with the dynamometers above described. A first report, dealing with 
trials made up to April 1904, was read by one of them at the Chicago meeting 
of the Institution of Mechanical Engineers. A second report, in which the 
mass of data accumulated by the other author as the result of about six 
hundred trials, made partly in the course of laboratory work with students as 
well as by special research, is now in preparation. 

The accompanying Figures, Nos. 8 and 9, give a general abstract in 
pictorial form of these new results. They allow of certain rough generaliza- 
tions being made which we require for the purposes here in view. 

Fig. 8 refers to experiments made upon Whitworth fluid-pressed steel 
of medium hardness, and Fig. 9 to those made upon medium-hard cast iron. 
Both bars were presented to the School of Technology for the purpose of these 
experiments by Messrs. Sir W. G. Armstrong, Whitworth & Co. Their com- 
positions are closely similar to those of the corresponding bars made use of 
by the Manchester Committee in 1902. 

In both figures the vertical cutting pressures (expressed in tons per square 
inch) are plotted on two bases : the first being the area of the cut ; the second 
the cutting angle of the tool. (Here the cutting angle means the " included 
angle" plus the front clearance.) These pressures are represented by the 
full line curves. The broken line curves give the traversing and surfacing 
pressures expressed as percentages of the vertical cutting pressures. 

SteeL — ^We see that, with steel, the vertical cutting pressure diminishes 
as the area of section of the cut increases, whatever the tool angle may be. 
The variation is numerically exhibited in the following table : — 

TABLE IV 
Medium Steel cutting Pressures : Tons per Square Inch. 



Area of section of cat . . 


0-005 sq. in. 


0-01 sq. in. 


0-02 sq. in. 


004 sq. in. 


006 sq. in. 


Size of lathe correspond- > 

ing to this area of out ^ 

Cutting angle of tool 80° 


6 in. 


Sin. 


12 in. 


16 in. 


20 in. 


112 


106 


108 


98 


94 


70° 


104 


100 


96 


98 


91 


ft i» "" 


92J 


90 


87J 


84 


t ^ 



Thus for tools of the usual workshop angle for steel, say 70°, we find that 
the actual cutting pressure is about 105 tons per square inch for small lathes, 
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diminishing to about 90 tons for the larger sizes. The sizes of lathe corre- 
sponding roughly to the various areas of cut are given in the second line of 
the table. 

The traversing pressure, being that force per square inch area of cut which 
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Variation of Cutting Preseure with Area of Cut and Cuttiotf Angle of Tool" 
>» ton* ^ when operating on Medium Cast Iron 
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is required to hold the tool up to the work lengthwise of the bed, diminishes 
from 21 to 15 per cent, of the vertical cutting pressure as the area of the cut 
increases from 0005 to 0'06 square inches when the tool angle is 70°. The 
traversing force varies therefore from about 22 tons to about 14 tons per 
square inch as the lathe centres increase from 6 in. to 20 in. The surfacing 
pressure, being that force per square inch of area of cut which is required to 

c 
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hold the tool up to the work in a direction across the bed, also diminishes as 
the sectional area of the cut increases. Its value is 53 per cent, of the vertical 
pressure, or 55 tons per square inch for small lathes ; and it diminishes to 
about 30 per cent., or 27 tons per square inch for the larger sizes. 

On the right-hand side of the figure the laws of variation of the cutting 
pressure with the cutting angle of the tool are represented for various areas 
of cut. They are seen to follow approximately linear laws, which diflfer with 
the various areas of cut. 

Cast Iron. — In the case of cast iron the results are, generally speaking, 
of a similar character ; the vertical pressure showing, however, a tendency to 
increase again for large cuts after passing through a minimum. 

The variations of the vertical cutting pressure is set forth in the following 
table, numerically : — 

TABLE V 
Medium-hard Cast Iron cutting Presavre : Tom per Square Inch, 



1 

Area of section of cut . . 


0006 sq. in. 


001 sq. in. 


0-02 sq. in. 


004 sq. in. 


0-06 sq. in. 


Size of lathe correspond- > 

ing to this area of cut \ 

Cutting angle of tool 80° 


6 in. 


Sin. 


12 in. 


16 in. 


20 in. 


72 


64 


69 


57J 


58 


,, 1, 70° 


64 


58 


54 


58 


57 


60° 


57 


58 


50 


• 48 


47 



The traversing pressure diminishes from 28 to 12 per cent, of the vertical 
pressure as the area increases from 0005 to 0*06 ; so that for small lathes 
the traversing pressure has a value of about 20 tons per square inch for an 
80° tool ; and about 7 tons per square inch for the same tool angle for large 
sizes of lathe. 

The surfacing pressure varies from 58 to 31 per cent, of the vertical as the 
area increases ; and may be taken at 42 tons per square inch for the smaller, 
and 18 tons per square inch for the larger sizes of lathe; the tool angle 
being about 80° in both cases. 

The variations of the cutting pressure with the cutting angle of the tool 
are shown on the right side of the figure. They may be said to follow roughly 
linear laws, as for medium steel. 

The laws of the variation of the cutting pressures when machining steel 
or cast iron in a lathe or planing machine are apparently very involved. 
Their detailed discussion in the light of the experiments made by both of 
the authors is reserved pending further investigation. 

The results here given are in agreement with those of other careful 
experimenters ; but it may be pointed out that no other method than that by 
means of hydraulic supports, having such areas and proportions as to ensure 
direct nieaaurements of the forces and a non-vibrating tool, can be held to be 
comparable for accuracy with those here described. 

In the sequel, we have adopted for the purposes of design, a cutting 
pressure of 115 tons per square inch as a value of the vertical force to cover 
all cases when machining steel. This is on the safe side from the point 
of view of strength and stiffness. It is also intended to allow for the fact 
that the work per minute required for cutting is greater than the product 
rf fchfiiCTitting speed v, and the vertical cutting pressure V, by the work done 
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in pushing away the shaving over the face of the tool against the force of friction. 

To obtain the value of this additional work we proceed as follows : 

Referring to Figs. 10 and 11 ^ it may be premised that the cutting moves 
off in a plane perpendicular to the cutting edge — except in the case of very 
light cuts — whereas the horizontal component H of the resultant cutting 
force R makes a certain angle 8 with that plane. In order, therefore," to 
obtain the work done in pushing the shaving back, we must take the product 



Pig. 10. 
Vertical Section. 




Y////////// 




of the speed of motion of the shaving over the tool, and of the component 
of H in the direction of that motion. If 8 be the shaving's speed, we have, 
in symbols, for this work — 

sH cos 8 cos (90 deg — a) = sH sin a cos 8 

Now 8 bears to the cutting speed v the same ratio which the length of the 
shaving bears to that of the surface from which it was cut ; and this has been 
found by experiments to be about 0*45 for steel, so that 8 = 0*45 v. 
* Reproduced by permission from Proc, Inst, Mech, Eng., June, 1904. 
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Also H = ;. If W be written for the whole cutting work, we have 

tan I ° 

therefore — 

V 

W = V V + 5 7 . sin a cos 8, 

tan I 



L tan t J 



For a 70° tool, a = 70 deg., 8 = 16 deg., i = 70 deg. (vide Fig. 29)/ 

..w = .v(i + o.45«:^J47^^^^ 

= M3i?V 

That is, the backward pushing of the shaving makes an addition of 13 per 
cent, to the cutting work, as estimated by multiplying the cutting speed by 
the vertical cutting force. 

Thus, taking 96 tons as the vertical cutting pressure (vide table above for 
medium steel), we must multiply this figure by 1'13, obtaining 108*5 tons 
for the value of the vertical force, which multiplied by the cutting speed will 
give the real cutting horse-power. 

In addition, a margin must be allowed, when estimating the total motive 
power required to drive a lathe, for the frictional losses in the. headstock 
gearing and bearings. 

An addition of another item per cent, on this account brings the gross 
cutting pressure up to the figure of 115 tons per square inch given above. 

For the value of the surfacing pressure we have taken 50 tons per square 
inch ; and for that of the traversing (or feed) pressure we have taken 25 tons 
per square inch. 

These values are considered by us sufficient to provide a reasonable 
margin for all workshop contingencies so far as they ought to be foreseen 
when designing the feed mechanism for strength and stiffness. The results 
obtained also by the use of these values in our calculated designs show a 
good agreement with the proportions adopted in practice. 

» Loe. dt. 



CHAPTER V 



Plan of Tool 



DURABILITY OF fflGH-HEAT STEEL TOOLS — VARIATION OF CUTTING SPEED 
WITH ANGLE OF TOOL AND WITH SIZE AND SHAPE OF CUT 

In order to understand the nature of the phenomena occurring during the 

failure of a turning tool, a close 
study of the mode of formation of 
the chip was undertaken. 

To facilitate matters in this for- 
midable research it was first arranged 
to take a cut at a very slow speed, 
so that the action might be observed 
at leisure. 

The lathe was driven by taking 
several turns of a wire rope round 
one of the cone pulleys and then 
leading it to a hand winch. When 
the labourer turned the winch handle, 
the cutting speed was 1 ft. in from 
one to five hours, according to the 
number of back gears in use. Lines 
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Fig. 12. 



Fig. 18. 



having been ruled on the uncut surfaces of the work, forming squares of 
^ in. side, the distortion of these squares during and after the cut could be 
easily studied. 
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A chip formed by taking a cut \ in. deep from a collar \ in. wide, with 
a tool square-nosed in plan and having a 60"^ cutting angle, is depicted in 
Fig. 12. The originally circumferential and radial scribed lines are also 
seen, and the forms these lines take in a medium hard steel chip have been 
drawn to a scale about seven times full size. 

At such dead-slow speeds the shaving breaks oflf in a succession of chips, 
which do not at all adhere to each other, by shearing off at an inclination of 
about 15° to the vertical along AB or A^B^ This angle does not vary with 
the angle of the tool, but the angle B^A^C of the chip becomes greater or 
smaller according as the tool is keener or more obtuse. The line AB shows 
where a chip has just been shorn off and has dropped away ; and the tool is 
seen beginning to act upon the wedge-shaped portion BAA^. However sharp 
the tool may be, its edge is somewhat rounded ; and it is, therefore, difficult 
for it at first to get below the surface of the work. Thus we find that the 
"surfacing" force — or the horizontal force pushing the tool forward square 
to the lathe bed— is greater at this time than at any other, although the 
vertical force is then least, as the last chip has just been cleared off. If the 
surface of the bar is examined afterwards, it is found to have a burnished 
appearance just at this part, AD, where the tool pressed hard upon it. Once 
the tool enters below the surface it crushes up the material in front of it, and 
this is caused to flow outwards both along and across the tool surface, as at 
DE. Slipping of this material soon takes place over the tool and away from 
the work ; but this slipping is not continuous, taking place intermittently 
and at longer intervals the more the tool cuts into the wedge BAA^. Each 
slip is accompanied by a small tear or crack running in front of the cutting 
edge, as seen at F ; but these cracks extend for but a short distance at first, 
being healed up by the radial compression produced by the friction of the 
crushed material on the top of the tool when it comes to rest after having 
made a '' slip." The same action is seen in the crushing of a short ductile 
specimen in the testing machine ; the friction between test piece and platen 
being powerful enough to prevent cross-extension, uniform throughout its 
length, from taking place ; so giving the crushed piece the barrelled shape 
commonly observed. 

These little cracks — ^FF — ^run deeper, although at longer intervals, as the 
crushed material spreads further back over the top of the tool, and the con- 
sequent "slips" become more violent, until one such tear or crack extends 
right up to A^, and so out by A^B^ and the chip drops. 

The action at high speed is in many respects quite different from what 
takes place at " dead slow." The successive main shears — or, rather, slides — 
of the shaving take place at shorter space intervals, for the slipping of the 
shaving over the tool now takes place continuously, and the cracks are no 
longer healed up by compression. The tear from each of the cracks is 
now continued right out to the surface of the shaving. The progression of 
this tear across the shaving is not instantaneous, however, and by the time 
it has reached the upper surface the chip has advanced some distance from 
the point of the tool. By reference to Fig. 13, which shows the variation of 
the force during chip formation at slow speed, it will be found that the 
vertical cutting force is greatest between the moment when the tear starts 
and that when it reaches the surface. 
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If we now refer to Fig. 14, which shows how the shaving is formed at 
high speed, we see that this region of maximum stress extends from near the 
point to a considerable distance backwards on the surface of the tool. The 
tear at the very point keeps running ahead of the tool, and is due, not to the 
dii'ect action of that point, but to the twisting of the material from behind 
the point where the pressure on the tool is greatest. In fact, the point itself 
is protected from all action of the work upon it by a small heap of the cut 
material being collected in the little space opened out by the advancing tear, 
and resting on a shelf of uninjured tool surface extending from the very edge 
of the tool to a greater or less distance back therefrom. This heap is firmly 
adherent, as to its base, to the shelf, but as to its upper part, is continually 
being removed and replenished 
from material left on the surface 
of the bar by the irregularity of 
the advancing tear. The nose of 
the tool sustaining the heap only 
cleans up the shaft, but does not 
cut the main body of the material 
from it. 

The shaving, at that part of 
it where the crack is just running 
across, presses hard, as we have 
seen above, upon the top of the 
tool, and by reason of the speed 
with which it runs over the 
surface and the high temperature 
which it imparts to it, gradually 
wears a groove therein. This 
grooving starts at some distance 
back from the cutting edge and 
gradually advances by wearing 
away the shelf of unworn tool 
and diminishing the size of the 
heap, until, when the groove 
reaches the cutting edge and the 
shelf is all gone, the tool " fails." 

Failure is the process — which occurs almost instantaneously after the 
groove intersects the nose of the tool and produces a feather-edge there — of 
blunting and destroying this edge, the depth of cut then dropping con- 
siderably from its proper value. The "work of bluntness" is thereby 
largely increased, generates a corresponding larger amount of heat right at 
the edge of the tool, and the cutting power is immediately destroyed. 

From a consideration of the facts above discussed it will be understood 
that the durability of a tool depends upon the length of time required for 
the groove scooped out by the shaving on the top surface of the tool to reach 
the cutting edge. The laws of the rate of this grooving have not, so far, been 
definitely established; but the rate at which the abrasion of the tool top 
takes place would appear to depend upon — (1) The normal pressure on the 
tool due to the twisting of the shaving. This is independent of the area of 




Fia. 14. 
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the cut — at least, to a first approximation, but increases with the cutting 
angle, the law of this latter variation having been given above (Figs. 8 and 9). 
(2) Upon the rate at which the shaving slides over the tool. For a given 
size and shape of cut this is a constant fraction of the cutting speed. But 
it varies with the cutting area and the shape of the cut, being smaller the 
heavier the cut and the greater the " crowding." (3) Uj>on the temperature 
of the top surface of the tool. This temperature is that of the part of the 
shaving with which it is in contact. The shaving is hottest where the 
twisting or shearing is greatest — that is, in the region where the crack is 
running across the shaving, and not at the point of the tool, where shearing 
is just commencing. Therefore, the tool is found to be cooler at the cutting 
edge than at the part where the groove is forming. Heat flows, of course, 
by conduction from the hot region behind the point to the cutting edge ; but 
the edge is kept cool by a continuous supply of fresh cold bar. Thus the 
tool does not fail at high speeds because the cutting edge gets too hot, but 
because the tool gets hot some distance back from the edge, and so facilitates 
the grooving action above described, which leads to its destruction by finally 
extending to the edge. 

We are now able to see wliy it is that acute angled tools, although the 
cutting force on them is much less than upon obtuse tools, do not last so 
long as those of a medium keenness. When the tool is very keen-angled, 
there is but little material to be abraded before the groove reaches the cutting 
edge. With tools having such a large cutting angle as 90°, on the other 
hand, there is a relatively large amount of tool steel to be worn away before 
the groove works back to the cutting edge ; but the cutting stress is so great, 
and the amount of twisting of the shaving, i,e, the temperature of shaving 
and tool is so high, that abrasion proceeds with great rapidity, and the tool 
fails just as quickly as a very keen one. 

The most durable angle is an intermediate one, say, from 65° to 75°, for 
which the cutting stress and the temperature are not so high, whilst the 
amount of material to be abraded before failure is moderately large. 

There is little doubt that when the laws of the variation of the temperature 
of shaving and tool with different cutting angles, sizes, and shapes of cut, 
and of the rate of abrasion as depending on normal pressure, speed of rubbing, 
and temperature, are definitely determined, it will be possible to indicate 
how the tool should be ground in order to meet with the best efficiency, both 
as to power and durability, the very various conditions to be found in 
practice. 



Durability Experiments 

The experiments of the Manchester Committee give a large amount of 
information regarding the durability of the new tool steel, as depending on 
the speeds at which cuts of varying areas are taken. Figs. 2 and 3, «upm, 
were, in fact, different curves of constant durability. 

The most exhaustive series of experiments so far made on the economy 
and durability of cutting tools for the lathe are, however, undoubtedly those 
of Mr. F. W. Taylor. They will be found described in the voluminous paper 
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presented by hiin at the New York meeting of December 4 to 7, 1906, of 
the American Society of Mechanical Engineers. 

With an ample supply both of material to be cut and of tool steel to cut 
it, he was able to make a large number of experiments upon the cutting 
speeds of both low- and high-heat steels under different conditions ; as to 
shape of tool, shape and size of cut, and nature of material ; the tools being 
run at such speeds as permitted of the tests lasting for about twenty 
minutes each. 

When comparing his results with those of the Manchester Committee, 
in the above paper, he expressed the opinion that the importance of cuts 
having a high proportion of width to thickness in increasing the life of the 
tool had been overlooked by the Manchester Committee; and that their 
conclusion that the " proof " cutting speed (that speed, viz., at which a tool 
may be expected to last just twenty minutes) was a function of the area 
only, and not of the shape of the cut, was not only not well founded, but 
that ''any formula or even any data containing the area of the cut, or 
shaving, as a single element is valueless from a scientific standpoint." One 
of the present authors replied to this criticism,^ and an extract from his 
remarks is here given. 

" A careful study of the author's results, as given in his Tables 70 and 76, 
Folder 11 — which tables he cites as examples of the most successful series 
of experiments he has made 
— leads to the conclusion 
that, so far from revealing 
a glaring discrepancy from 
the law of cutting speed and 
area, enunciated by the 
Manchester Committee, the 
author's results do not differ 
from that law by more than 
1 or 2 per cent, on the 
average throughout the range 
of depths of cut and widths 
of feed ordinarily used for 
roughing out. Tiie author 
has given no experimental 
figures either in Tables 70, 
76, or elsewhere, to sub- 
stantiate the statement made 
in section 281 C, that the 
cutting speed may be 3 j^ times 
as great when the shaving is 
^ in. thick, as it is when 
the shaving is ^^ in. thick. The finest feed in Table 70 is ^^ in. To 
elucidate the matter, I have plotted the 'standard' cutting speeds, as 
given by the author — and their corrected values as they should, in my 
opinion, be taken from Mr. Taylor's own results — upon a base of area of 
cut, vide Fig. 15. I have then drawn a fair curve through all the spots 
^ The Engineer, February 22 (1907), and Proc. American Soc. Mech, Engs. (1907). 
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on the diagram. An inspection of the way the author's results lie about 
and around this curve gives good ground for saying that Mr. Taylor's figures 
substantiate in a remarkable manner the fundamental law that the standard 
cutting speed with high-heat steel for a given material depends only upon 
the area of the cut, and hardly at all upon the depth of that cut or the width 
of feed. The author has tabulated no results which show a serious divergence 
from this law, and until he produces something tangible in this direction, 
the statement he has made in section 281 C must be characterized as entirely 
misleading. If the author had plotted his results on a base of areas instead 
of as contour lines of constant feed upon a base of depth of cut, he might not 
have been led to make statements of this kind, so patently contradicted by 
the figures he himself gives. As a matter of fact, a simple formula of the 

form V = — r— G— can be obtained to cover, not only the Manchester and 

Berlin, but also Mr. Taylor's results ; with a divergence of only ± 5 per cent. 
This formula involves only the area a of the cut in square inches, the amount 
of the carbon c in the steel forging expressed as a percentage, and the 
constants K — depending on the tool steel — B and n — depending on the other 
chemical constituents of the bar — and makes no reference to either the 
thickness of shaving or depth of cut. 

" It may not, perhaps, possess the accuracy of the author's formula in 
representing his own results — vide paragraph 770. Of this I have made no 
trial, but I have hopes of its greater practical usefulness as involving eight 
fewer constants, and only one variable for a given material. If the author 
is in possession of experimentally obtained figures, proving tliat there is a 
considerable divergence from the speed on area law for such fine feeds as 
3^^ in. and ^ in., it may still be pointed out that he has himself expressly 
characterized — vide section 218 — such light cuts as worthless for the deter- 
mination of the laws of cutting speed. 

" I am prepared to go a step further even than this, upon re-examination 

of the author's paper in its final form, so far at least as refers to the effect 

of the thickness of the shaving on the cutting speed— see paragraphs 291 to 

1*54 
306. In paragraph 297 the author gives the formula V = — .- for the 

standard speed of cutting (V), as dependent upon the thickness of the 
shaving (<). It appears, however — vide Folder 16 — that the shaving in the 
experiments upon which this law is based were all 1 in. wide. The thickness 
of the shaving in inches is therefore the same as its area in square inches, so 

154 
that the above formula might equally correctly have been written V = — |-, 

where a is the area of the shaving, or the product of its breadth by its 
thickness. We have, therefore, no evidence from these experiments that the 
increase of the cutting speed as the shaving got thinner was due to the 
thinning. " It may just as logically be said that it was due to the diminution 
of area. Similar remarks apply to the fonnula of paragraph 302, in which 
with equal propriety the area might have been substituted for the length of 
the shaving." 

As a further confirmation of the contention that the cutting speed may be 
expressed (except for abnormally thin shavings) as a function of the area of 
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the cut only, without reference to its shape, we may refer to an able analysis 
of Mr. Taylor's paper made by Prof. Georg Lindner in the Zdtschrifi des 
Vereins for July 6, 1907. Eeferring to Taylor's very complicated formula 
for the cutting speed as dependent on the shape of the cut (vide '* Art of 
Cutting Metals," sections 767-814), Lindner gives simple expressions which 
approximately represent Taylor's results. 
For soft steel he thus obtains — 



r=m)' 



Now, for a tool 2 in. deep x H in. wide, the value of e is O'o ; so that the 
above expression becomes 

V --K_^ K 

In words: the "proof" cutting speed is, according to Taylor's own remits, 
inversely proportional to the square root of the area, and does not at all 
depend on the depth of cut or the width of feed ! 

We consider, therefore, that we have ample ground for maintaining that 
the cutting speed is a function of one single variable only — viz. the area of the 
cut ; and that the proportion of its breadth to its thickness is, for all ordinary 
cuts, of quite secondary importance. 



CHAPTER VI 

CUTTING SPEEDS FOR WORKSHOP USE 

We have to thank Mr. F. W. Taylor, on the other hand, for a law of very- 
great importance which he has deduced from his experiments. In the 
Manchester Committee's trials, the experiments were mostly made at speeds 
under which the tools lasted for twenty minutes. A few trials only were 
made which lasted two hours. The question which arises, and which is one 
of great practical importance, is : What diminution from the proof speed {i.e. 
the twenty-minute failing speed) must be made in order to enable the tool 
to last, on the average, for any given longer time ? 

Mr. Taylor's answer is : The speeds vary inversely as t he eighth j v ots of the 
durations of the runs. 

_ K 
"T* 

Here V is the required cutting speed to last T hours. Vo is the proof 
speed, or speed on which the tool lasted ^ hour. 

The practical usefulness of this law consists in this : If, by experiments 
such as those of the Manchester Committee, or of Mr. F. W. Taylor, we 
have found the " proof speed " of the steel (that is, the cutting speed which 
will enable it to last just twenty minutes) on a given material, we are in 
a position by employing this law to determine the proper cutting speed at 
which the tool must run if it is to last for any other (longer or shorter) time 
on that material. 

We have to decide, for example, in discussing the rules for lathe design, 
what should be the standard cutting speed for each size of general-purpose 
(high-speed steel) lathe when that lathe is taking the cut of standard area 
suitable to its capacity (vide Chap. VII.). 

It will be admitted that the larger the lathe the longer the tool should 
last before it is reground. Thus, whilst for a lathe of 6- or 8-in. centres the 
tool need not be expected to last for more than twenty minutes on the 
average, in the case of a lathe of 30-in. centres, it would appear to be 
desirable that the speed of cutting should be chosen of such a value as to 
allow the tool to run for a whole shift of three hours' duration. Knowing, 
then, the proof speeds for the various areas of cut which correspond to 
all sizes of lathe, all we have to do is to apply Taylor's law to these numbers 
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in order to deduce the appropriate or standard cutting speed for each size. 
The results of such a series of calculations are given in lines 1 to 5 of the 
annexed table, and are shown in diagrammatic form by Fig. 16. 
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O'l 0-12 014 0- 

« s'oSIzi 


5 Cut 
B of lathe 


1 
2 
8 
4 

6 
6 
7 


1 
Height of centres .... 
(Jorresponding area of out . . 
" Proof speed " on S.F.P.S. . . 
Proposed duration of cut (in 

nuns.) 

Corresponding cutting speed . 

Standard cutting speed f - + 15 J 

P. W. Taylor's speeds on 
medium steel for 1} in. X 2 in. 
tool to last \\ hours . . . 


6 in. 

()-00664 

132 

16 
140 

187 
134 


8 in. 
0-01 
108 

32 
102-4 

116 
100 


12 in. 1 
0028 
72-6 

63*9 
68-6 

66 

1 


16 in 
004 
53 

96 
42-8 

40 
50 


20 in. 

00625 

41-6 

128 
32*5 

1 
31 

1 
40 1 


24 in. 
009 
34-5 

160 
27 

26-1 
88-3 


30 in. 
0-1405 
28 

208 
22*4 

21-9 
26-7 



In line 6 we have further placed the speeds, as determined by means of 
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the formula v = - + 15, which we decided upon for use in our lathe calcula- 

€v 

tions before the above law of variation of cutting speed with duration of 
cut was available. It will be observed that our rule gives a suflficiently close 
approximation to the correct values of line 5, and that it may therefore be 
relied upon in the case of lathes to be used in general engineering work. 
Mr. F. W. Taylor's results, as taken from his paper (Folder 24, Table 143) 
for a 1^-in. by 2-in. tool, on medium steel, have also been added for com- 
parison, his intended duration of cut being Ij^ hours for all sizes of lathes. 
His medium hard steel appears from these figures to have been not much more 
difficult to cut than the soft, fluid-pressed steel of the Manchester Committee. 

The advisability of fixing the duration of the cut at the arbitrary figure of 
90 minutes for all sizes of lathes, as Mr. Taylor has done, may very well be 
questioned ; and we are of opinion that a gradation of the length of run to 
the size of the lathe is a more logical method, and will lead to a greater 
economy in working. 

It may further be said with regard to Mr. Taylor's remarks that in 
Tables 144, 145, 146, 147, and 148 of the same folder he has given lists of 
cuttiog speeds for the various sizes of steel tool from 1^ in. down to ^ in. 
He considers that every size of section has its own curve of cutting speed 
appropriate to a given length of run. The explanation offered beiog that 
small sections carry away the heat less easily than large ones, and that 
consequently a lower speed accompanies a lighter tool. 

We are, however, of opinion that Mr. Taylor's actually observed lower 
proof speeds of the lighter tools was due not so much to difficulty with heat 
conduction as to the smallness of the radius of curvature adopted for the 
cutting edge at the front of the tool. Such small radii seem almost a 
necessary accompaniment to the rectangular shape of tool steel recommended 
by Mr. Taylor. With the square shape adopted in Britain, it is possible to 
have one and the same large radius of cutting edge for all but the smallest 
sizes of tool, and in that case our experience shows tliat ail sizes of tod^ 
between say | in. to IJ in. square, niay he given the same cutting speeds. 

The use of a square rather than of a narrow, deep section of tool is to 
be preferred in view of the very important fact that the nose of the former 
can be ground to a larger and more efficient radius than that of the latter. 
The shaving is in that way kept thin at the point of the tool, and the full 
depth of the cut can be maintained for a longer period. 

The smithing of such square tools is also much easier, and less steel is 
wasted in reforging than in the case with Mr. Taylor's standard tooL There 
is no necessity when using square steel for the awkward side twist which 
Mr. Taylor has found to be necessary with the rectangular shape in order 
to keep the line of action of the resultant force within the base of the steel. 

The weakening of the square tool by the slope of the top rake running into 
the scantling must, of course, be avoided by jumping the end so as to heap the 
material on the top. This is, however, a comparatively easy process. Such a 
shape also provides the material for a moderate number of regrindings. Our ex- 
perience points to the deterioration of the tool and the necessity for its reforging 
and rehardening after it has been reground only a few times, and we are not 
in favour of the excessive depth which Mr, Taylor prescribes as the best form. 



CHAPTER VII 



LATHES FOR HIGH-SPEED CUTTING — STANDARD CUTS AND SPEEDS— RANGE 

OF SPEED — POWER 

The experimental results above enunciated are now to be made use of in 
the endeavour to frame rules for the design of lathes on rational principles. 
The experience of makers with lathes designed and made to work with the 
high-speed steel will be taken advantage of, so far as it is available, to check 
the formula so obtained; and it is believed that these rules will prove a 
useful guide in cases where such experience is entirely lacking. 

The type of lathe which is to be considered is one for general purposes 
in an engineer's shop ; and the rules are intended to cover a range of sizes 
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from 6 in. to 6 ft, height of centres, in that type. Special lines of manu- 
facture require special purpose lathes, and it is the truest economy to have 
such special lathes whenever it is possible. The conditions postulated, as to 
standan^ cut and ranges of speed, for general purpose lathes will then, of 
course, no longer hold ; but the underlying principles are the same for all. 

In the first place, it is necessary to fix upon the area of cut which ought 
properly to be taken upon a given material, say, mild steel, with each size of 
such general purpose lathe. It is obvious that a small lathe ought not to 
be expected to carry the same heavy cut as one two or three times its height 
of centres. For one thing, small castings and forgings show a smaller differ- 
ence between their sizes, rough and finished, so that the amount to be 
machined is less than for large ones. The annexed Fig. 17 gives, in the 
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form of curves, the averages of about a dozen lists of allowances on forgings 
sent in to us by diflTerent makers. The various curves are represented by 
a formula of the form 



D - (i = ~J5^ X v^ 



(25) 



where D and i are the rough and finished diameters of the forging in inches ; 
and L is its length in feet. 

If, for example, we take the average diameter of the work equal to the 
height of lathe centres, and the length of the forging equal to 6A; then we 
have 

10 ^ 2 12-6 



and the depth of cut would he 



2 ■ 



A* 
"25 



(26) 



MORSe. POW£R.SP££D AND AREA OF CUT 
ON HC/GHTOr CENTRES 



So that the average depth of cut should increase almost in proportion to 
the size of the lathe. 

From other data obtained by 
the experience of a number of the 
leading firms of machine tool- 
makers we have been led to the 
conclusion that the area of cut 
for different sizes increases as the 
square of the height of centres ; 
and the following general rules 
have been adopted in this work 
as meeting with a wide accepta- 
tion for the machining of mild 
steel forgings : 

Let c =s depth of cut in inches, 
t = width of traverse feed 

in inches, 
a = area of cut (== ct) in 

square inches, 
h = height of lathe centres 
in inches. 
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Pio. 18.— PowEB, Speed, akd Cut. 



A curve representing this ex- 
pression has been drawn on Fig. 
18, the base being height of centres, the ordinates area of cut in square inches 
(right-hand scale). 

Having thus determined the standard cut for which each size of lathe is 
to be designed, we are in a position to decide upon the horse-power to be 
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supplied to it. From the area of cut and the cutting pressure we have the 
force to be overcome at the tool point ; and the product of this into the 
cutting speed at which the standard cut is to be taken gives the work 
done in foot-tons per minute. Now the formula 



v = - + 15 
a 



(28) 



deduced from the Berlin and Manchester committees' experiments gives the 
proper speed, if a is the area of the standard cut. 

In order to be on the safe side in making our calculations of strength 
and power, we shall take the cutting pressure as for steel, and at the high 
figure of 115 tons per square inch. This allows about 20 per cent, for the 
frictional loss between belt and tool and that due to the shaving. We thus 
write 

riTiD I 115 X 2240 „ - 

GHP =5 gross horse-power =s — twwtkt; — av = I'Sav 



33,000 



A« . , 6400 . ,. 
" = 6400'"'^'' = -p-+^^ 



But 

therefore a» = g^(^-p- + 15) = 1 + 

and GHP = 7-8(l + ~\ = 7-8 + 



427 
54-8 



(29) 



The gross horse-power so calculated is given in the annexed table for a 
series of lathes with heights of centres from 6 in. up to 6 ft. 

TABLE XXV 
Standard Cuts and Gross Horse-power {for one tool) for sizes from 6 in. io Qft. 



Hej|htofcen.J ^.^ 12 in. j 18 in. j 24 in. 



Depth of stan- 
dard cut 

Width of stan- 
dard traverse , 

Area of stan-^' 
dard cat 

Proper cutting'^ ! ^g^ 
speed r 

Groes horse- V g.^ 
power /i 



0-15 I 0*80 

I 

008761 0076 

0'0066| 0-0226 

I 

59} 
i 
;10-4 



0-46 i (yeo 

I 

011251 0-15 



0-052 
841 
18-7 



0-09 
26 
18*8 



80 in. 



86 in. 



0-75 i 0-90 I 
0-1876 0-226 
014 0-208 
22 '20 



42in. 48in. 

I 

1-05 I 1*20 
0-2626 0-80 
0-276 0-86 
18| 17f 



24 



,81-4 



40 



:6o 



64 in. 60 in. 


66 in. 72 in. 


1-85 1-5 


1-66 1-80 


0-84 0-875 


0-4126 


0-46 


0-46 0-56 


0-68 


0-81 


171 16f 


16i 


16J 


61 74 


87 


102 



These quantities are also figured as the ordinates of the three curves of 
Fig. 18 on a base of height of centres. The first curve gives the value in 
square inches of the area of the standard cut — right-hand scale— for a lathe 
of any given height of centres ; the second curve gives the cutting speed — 
left-hand scale— at which this cut should be capable of being taken on work 
of any diameter up to twice the height of centres ; and the last gives the net 
horse-power required to carry this out. 

Criticisms as to the propriety of these standard cuts^ and consequent 
powers to be supplied for the various sizes of lathes, may be made, and will 
be welcomed by the authors. It should be pointed out, however, that it is 
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only upon the question of the size, of the, cut which each size of lathe ought 
to be expected to take that there is any room for discussion or choice of 
opinion. Once the rule for that is agreed upon, all the rest follows as a 
matter of logical consequence from the experimental results now available. 
From the area of the cut follows the appropriate speed, having due regard to 
the life of the tool ; the force required for taking the cut is also determined, 
and the required net horse-power follows at once. 

Greatest and Least Spindle Speeds 

Fundamental to the design of the fast headstock is a knowledge of the 
range of speed of the spindle and the number of speeds into which this range 
must be divided. Bules must be laid down for the greatest and least spindle 
speeds, and compared with practice, for all sizes of lathes ; and the proper 
value of the constant geometric ratio of successive speeds must be considered. 

Denote by — 

N^ the greatest number of revolutions of the spindle. 
N| „ least „ „ „ 

^v " greatest „ „ cone. 

n „ least „ „ „ 

The value of N^ the highest spindle speed, will obviously depend on the 
smallest diameter of work which ought to be allowed in the given size of 
lathe and upon the highest cutting speed at which any cut is required to be 
taken on that diameter. 

Now a diameter equal to one-eighth the height of centre s (h/R) is about 
the smallest size of bar that is usually put into a lathe. For any size less 
than this the"^w6rE would 1)0 more economically performed upon a smaller 
lathe. Also a cutting speed of jj! ft. per minute is found to be as high as 
is ever necessary on this small diameter for lathes from 6 in. to 18 in. 
height of centres. If the cut be of less area than that corresponding to this 
speed, it is a finishing cut, and must not be taken too fast for fear of 
vibration. Now if v represent this cutting speed in feet per minute, we 
have obviously 

_ 12i^ _ 12 X 120 X 8 _ 3670 

XT 3600 ..... 

or, say, N^ = -^— (30) 

For lathes larger than 18 in. centres a cutting speed of 80 ft. per minute 
on the smallest diameter is found to be sufl&cient ; and this gives a value 

N,= ?f (31) 

Speaking generally, it may be said that the cone runs upon the spindle 
and may be coupled directly to it for lathes up to 18 in. centres ; whereas 
above this the cone is usually off the spindle, and drives it, even at the 
highest speeds, through a pair of wheels. Eecently, the mounting of the cone 
— if any — upon the spindle has not been so generally resorted to except for 
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lathes below 12-in. centres, and from the point of view of belt efficiency it is 
certainly much better that the spindle should never be directly coupled to 
the cone. 

The smallest number of revolutions of the lathe spindle N| is determined 
very simply by the consideration that it must be possible to take the standard 
area of cut for which the lathe is designed (A^/6400) upon work of the face- 
plate diameter, and at the appropriate speed ( -tq- + 15 ) at which the tool 

can last for a reasonable time. 
We thus obtain 

/6400 - V 

^ 12t; 6 V"P~"^^V 2/6400 ^,-x 

^' ^ iTxih ^^ 1 ik h^ + ^^) 

., 12,800 , 30 .„... 

or N, = -^ + ^ (32) 

The values of N^ and N", determined by these rules are entered in lines 1, 
2, and 3, of Table XXVI., and have been plotted on Fig. 19. 

The curves of greatest and least spindle speed thus i-ationally determined 
are seen to agree well, on the whole, with the most recent practice ; for in 
Fig. 19 the dots showing values for lathes actually built by some of the best 
makers are found to cluster around the path of the curves. The break in the 
curve for N, is due to the change made in the assumed value of the highest 
cutting speeds ever required on small diameters, viz. from 120 to 80. A 
region of indefiniteness occurs for sizes between 12 in. and 18 in. height of 
centres ; and this is just what we ought to expect when, for these sizes, we 
sometimes have the cone mounted upon the spindle, and in other cases driving 
the latter through gearing, even for the highest speeds. 

No such break occui-s in the curve for N, ; as, for the lowest speeds, there 
is always at least one back gear interposed even for small lathes. 

The ratio of greatest to least spindle speeds is, of course — 

(■mall large \ 
__ 3600 to 24c00)h^ (33) 

N, " 12,800 + 30A2 

and these values are also tabulated in Table XXVI., lines 4 and 5, and plotted 
in Fig. 19. 

We may fix the highest required spindle speed (NJ by the consideration 
that every high-speed steel lathe should be capable of finish- boring and 
drilling holes as small as A/16 — one-sixteenth of the height of centres — ^in 
diameter with rapid-cutting steel drills at the drill manufacturer's recom- 
mended speeds for soft steel. In Fig. 20 we have shown the data obtained 
from makers of drills — from Capital and Novo steels—relatively to the 
variation of the number of revolutions of the drill with its size, when the rate 
of feed is taken constant for all sizes, and equal g\ in. per revolution. The 
upper — ^thin line — curve gives the speeds for lubricated, the lower — thick 
line — for dry drilling. If the drill diameter be S in inches, and N the speed 
of revolution at which its circumference will travel at 70 ft. a minute, then 
obviously ir8N/12 = 70, or N8 = 267. Similarly, when the speed is to be 
60 ft. per minute, NS = 230. These two expressions will be found to fit 
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the two curves of Kg. 20. Using the latter value — for dry drilling — we 
wh 



have, from 



12x16^ 



60 



y^j 3670 3600, , . , , , ,, 

N^ ^ j^ , or, say, , for high-speed lathes 



h '-''^-^^ h 

According to this rule the curve given for N^ in Fig. 19 should not consist 
of two branches, but should be continuous for all sizes. It is true that, in 
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that case, there is a less satisfactory agreement with practice. The authors 
can only suggest that the spots plotted for the larger sizes in Fig. 19 more 
properly represent what they have called (see below) " compromise " lathes ; 
having been designed and executed during the recent transition period 
between the use of carbon and of high-speed steel. 
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The next step is to find the relation between the range of spindle speeds, and 
the number of changes of speed to be arranged for within the prescribed 
limits. 

In quite small lathes, where only a few different speeds are required, all 
that is needed is a couple of duplicate stepped cones, on which the driving 
belt is shifted. Next in size we have back-geared lathes, where, in addition 
to the stepped cone driving the spindle direct, it can be coupled to it through 
two pairs of gears, so that the lathe may be run either by the " single " or the 

" double " gear. The number 
of speeds so obtained may 
also be doubled by having 
two driving belts from the 
main to the countershaft, by 
which means two different 
countershaft speeds are ob- 
tained. 

The consecutive speeds 
of the spindle may then be 
obtained, according to the 
arrangement adopted, in two 
different ways. 

(A) The belt from the 
line shaft being on the 
smaller countershaft pulley, 
a series of successive speeds 
is obtained by shifting the 
belt up the lathe cone from the smallest to the largest step, after which the 
next lower spindle speed is obtained by moving the cone belt back to its 
smallest pulley, and putting the slower speed countershaft belt into gear. 
The belt is then advanced up the cone steps, and so on, through all the 
possible changes. 

(B) The countershaft belt being on the smaller pulley as above, and the 
lathe cone belt on its smallest step, the spindle will be running at its highest 
possible speed. To obtain the next lower speed, the cone belt is left unaltered, 
and the countershaft speed is diminished by changing the drive from the 
faster to the lower speed. For the next speed the countershaft belt is moved 




} Fig. 21. 
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back again, and the cone belt is shifted to the second step; and so on 

throughout the range. 

From the point of view of the cone belt, it is clearly bad practice to adopt 

method (B) to obtain changes of speed, for there will be a great difference 

between successive cone-step diameters, making it difficult to shift the belt, 

as well as giving a bad drive on the lowest cone-step, owing to its small 

diameter. In what follows, therefore, we shall, as a rule, only refer to 

method (A) : — 

Let Ny = highest spindle speed, 

N, = lowest „ „ 

c = countershaft speed if only one speed. 

ci = higher „ „ if there are two speeds, 

ca = lower „ „ „ „ 

_ J? = number of countershaft speeds. 

_ jr = ,, steps on the cone. 

- m = „ different ways cone and spindle can be coupled. 

- — Then S = „ different possible spindle speeds = 'pqrm. 

Also let A = diameter of largest cone-step on both lathe and countershaft. 

B = ,, of second „ „ 

and so on. 

E = „ of smallest „ „ 

- — And let r = constant ratio of successive spindle speeds. 

Then the table on page 40 shows the relation between these quantities, 

and deduce the values of the various gear ratios. 

Explanation of Table XXVII. — ^Ni means the number of revolutions of the 

spindle when nmning in single gear (i.e. cone coupled directly to the spindle), 

and with belt on the smallest step of the headstock cone. This is obviously 

equal to N^. 

When the belt is shifted on to the next larger lathe-cone step without 

any other change, the spindle speed Nj is such that Ni = r^% ; and, in the 

same way, when the belt is on the largest lathe-cone step, the spindle speed 

N, will be known from Ni = r'"**^,, if there are q cone-steps. 

A 
From this we can at once deduce the value of ^, the ratio of the diameters 

of the largest and smallest steps, for we have (Fig. 21) 

A B oC ,E 

EDO" A 

/. g = rV = v^r^ (34) 

The next lower speed of the spindle N^ + i is obtained by shifting the belt 
back to the smallest lathe-cone step and putting in the first or lowest back 
gear. This gear must have such a ratio Ei that Ni = r'N', ^ j. From this 
we at once deduce that Bi = r'. 

Proceeding in the same way, we find that the second back gear, whether 
it be double or treble, must have a ratio Eg = r^, and that the highest or 
(m — l)th gear (where there are m different ways of coupling the cone and 
spindle together) must have the value 
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44 LATHE DESIGN 

N 
Also the lowest spindle speed N, = N = -^^i, so that the ratio of 

highest to lowest spindle speeds is 

Sr=^' = r-^-» = r-» (35) 

The following numerical example will show the use of the table : — 
Take aTlO-ih. lathe with'S doable back gears, 1 countershaft speed, and 
4 cone steps/ Hence jp = 1,' ; = 4, and m s 3. 

N, = ?f? = '360,. 

S, = ^^ = 24 
Now i, the number of spindle speeds, is 

(^8 = •pqm, = 12 speeds' 



Bat 


S, = r-' 


Therefore 


24 = r" 


or 


11 log r = log 24 


or 


1 log 24 
logr=°8^ 




, 1-3802 ».„__ 
log r = — = 0*1255 




r = 1-335 


Hence 




or 


log^ = flogr=|xO-] 


and 


1 = 1-543 



If A = Wh = 22", E = j^lg = 144", [B = 194", and C = 168"] 

the first back-gear ratio 

El = r« = 1-335* 
or log Ri = 4 log r = 0-5020 = log 3-177, or Ri = 3177. 

Similarly, the second back-gear ratio is 

R2 = r* 
or Ra = 7^ X log Ra = 8 log r = 8 X 0-1255 = 1-0040 = log 10-09. 

In fact, Ra = Ri^ = 1009. 

As a similar numerical example illustrating the use of Table XXVIII 
we may take the following : — 

A 54-in. centres lathe, with the cone off the spindle, two countershaft 
speeds, three back gears, and four pulleys on the cones. Here j> = 2, m = 4, 
S^ = 4, so that the number of speeds iss=:2x4x4=32; and A = 54 in. 
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Then by formula (31) 

4, = 2^-0 = 44-5 

12 ftOO ' ^0 
and N, = -^^- + ^ = 0636 revs, per minute 

'N 44-5 
••N, 0-636-" ^" 

y.T^ 70* =1147 
Taking a = 7\/5 = 51*4 in. — although it might be larger— we can find E, 



for 



,, A 51-4 51-4 ., o . 
;-=• 1-147* 1-23 



and the other two cone pulley diameters are easily found. 
Again, the ratio of countershaft speeds is 

E, = ^ = r' = 1-147* = 1735 
The first back-gear ratio is obtained from the general formula 

by putting jp = 2 and m = 2 ; then Bi = r^ ; as is also seen directly from the 
table 

El = r^ = r8 = 114:78 = 3009 

The second back-gear ratio E^ in the same way (since m now = 3) is got 
from 

E^_i = r^"*-*^' = t^^** = r** = ri« = 1147i« = 9-05 
or Ea = 905 

and, finally, the third back-gear ratio Bs is 

Es = rfi» = r2* = 1147^ = 27-25. 



CHAPTER IX 

LATHES FOR HIGH-SPEED CUTTING— THE BELT — EFFECT OF NUMBER OF CONE 
STEPS, BACK GEARS, AND COUNTERSHAFT SPEEDS UPON ITS WIDTH 

In this chapter we shall give our attention to the question of the belt-drive. 
This is the more important, as the whole design of the headstock is governed 
by it, and the consideration of the eflfect upon the size of the belt of obtain- 
ing a given number of changes of speed by varying the number of the cone 
pidleys, of the back gears, or of the countershaft speeds is fundamental to 
any further advance in the study of rational methods. 

The ordinary belt-drives now supplied to lathe headstocks can only be 
characterized as of very inferior eflSciency. The hitherto almost universal 
custom of mounting the cone upon the spindle and coupling it directly to 
the latter for the higher spindle speeds is the stumbling-block which proves 
disastrous to the proper power supply of such lathes. 

Owing to this, the belt speed, even when at its highest, is far below what 
it might and ought to be ; and the result is that, when transmitting the power 
the lathe really requires, the belts are strained much beyond their proper 
working load, are continually stretching and breaking, and causing delay for 
their repair. 

The charges upon an establishment due to the time the machinery stands 
idle for belt tightening, repairs, and renewals are out of all proportion greater 
than what would be incurred by the extra first cost of properly designed 
headstocks and belts of suitable proportions. 

As the purchaser is unaware of these facts, and the maker does not 
generally supply a more costly article than he is asked for, it seems worth 
while to give the subject a considerable amount of attention with a view to 
improvement. 

The whole matter turns upon the proper value to be allowed for the 
working tension per inch of width of a belt, as depending on the speed 
through the air and the diameter of the pulleys over which it runs. 

The ordinary formulaj for the effective pull 

P = Ta - Ti = ^^^To 

where Ta = tight side tension 

Ti s slack side tension 
To = initial tension 
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and for the ratio of the tensions 



h = e*** or 



Ti 



make no reference either to pulley diameter or to speed, but involve only 
the coefficient of friction jti, and the angle of embrace 0. Its inapplicability 
to ordinary driving belts is therefore apparent; but it may be useful for 
academic exercises about ropes wrapped around square posts. 

In the year 1892, and again in 1900, Herr Gehrckens, of Hamburg, gave 
some very valuable data derived from a long experience with the highest 
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class of belt drives, and from experiments he had made specially to test the 
driving power of belts at very high speeds. The original papers may be 
consulted in the Zdtsehrift des Vereins Deutsoher Ing, 

The annexed table — XXIX. — ^gives a digest of his figures in English 
measure, and the values have been plotted in Fig. 22. 

The numbers in the body of the table are the values of the eflTective 
tension (P) per inch of belt, whether single or double, which he has found to 
be allowable for the given speeds (V) in feet per second, and for belts running 
upon pulleys of the given sizes. 
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TABLE XXIX 
Safe Effective Tension per Inch of Width {Oehrckens) 











Single thickness belts. 










DUmater 








Speed In feet per Beoon<i 


I. 








10 


20 


30 


1 

40 1 60 
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60 


70 


80 


" 


100 


4 


10 


18 


15 


16 17 


18 


18 


19 


19 


20 


8 


18 


25 


29 


82 84 


86 


87 


88 


89 


40 


12 


28 


80 


85 


89 42 


45 


48 


61 


68 


55 


24 


29 


87 


48 


47 ! 51 


65 


59 


68 


67 


70 


48 


85 


45 


58 


59 1 64 


69 


73 


77 


81 


86 


120 


40 


54 


62 


69 j 75 


80 


85 


90 


95 


100 










Double thickueMbelta. 










24 


40 


45 


50 


55 


60 65 


70 


76 


80 


85 


48 


60 


70 


80 


90 


95 


100 


106 


110 


115 


120 


120 


70 


85 


100 


110 


120 


180 


140 


160 


160 


170 



These figures show that the effective or driving tension of a belt may be 
increased either by increasing the pulley diameter, or by increasing the 
speed through the air. In the case of a belt running over a 48-in. pulley, 
the pull may be raised from 45 lb. to 85 lb. per inch of width, if of single 
thickness leather, and from 70 lb. to 120 lb. per inch if double, when the 
speed is increased from 1200 ft. to 6000 ft. per minute. With a speed of 
3000 ft. per minute the safe pull is increased from 42 lb. to 64 lb. per inch 
by increasing the diameter of the pulley from 12 in. to 48 in. diameter. 

Let V be the belt speed when it is most heavily loaded. Let P be the 
allowable effective belt tension per inch of width, as given in Table XXIX. 
and Fig. 22 from Gehrckens' experience. Then formulae for these values are 
as follows : — 



P = 7\/D + ^V - (for single thickness) 



(36) 



\/n 



P = 7-5\/D + -^V - (for double thickness) . . (37) 

Here D ss pulley diameter in inches, and V = belt speed in feet per 
second. 

Explanations of Herr (Jehrckens' figures, which are of undoubted validity 
for ordinary workshop practice, have been offered, but there appears to be 
room for a very useful series of experiments on this subject at the present 
time. 

Assuming for the present that Gehrckens' figures give the most economical 
results in the long run for a driving belt, when proper regard is had, not 
merely to first cost of belt, added cost of fast headstock, etc., but also to the 
diminished annual loss due to stoppages for repairs and to less frequent 
renewals, consequent upon the low effective tensions which he indicates — 
especially for slow-speed belts running upon the smaller sizes of pulley — we 



LATHES FOR HIGH-SPEED CUTTING, ETC. 49 

shall examine the question of the width of belt required for driving lathes of 
all sizes from 6 in. to 60 in. height of centres. 

There will be three cases to consider. 

Gasb I. — ^Lathes of small power, where the cone is mounted upon the 
lathe spindle, and is coupled directly to it for the highest spindle speeds. 

Case II. — ^Where there is still a cone, but it is mounted upon a separate 
shaft —occasionally it is mounted on the spindle, but cannot be coupled 
directly to it — and geared by one or more pairs of wheels to the spindle, even 
for the highest spindle speeds. 

Cask III. — ^Where there is no cone for varying the speed by shifting the 
belt ; but variation is effected entirely by changes of gearing, and the lathe 
is driven by a belt running upon a single pulley upon the headstock — fast 
and loose— and very often straight from the main shafting. 



CHAPTER X 

THE BELT (continued)^ COJ^-R MOUNTED UPON SPINDLE 

Case I.~Cone Mounted on Spindle. 

Let GHP = gross horse-power required for taking the standard cut 

(a = wTFvPi) at its proper speed f i; = - + 15 ) ; and on work of any diameter 

up to 2A. 

Then we have — B being belt width in inches — 

33,000 GHP = BP X 60 V 

^ _ 550 GHP 
or B = ~^^ — (38) 

If we assume that the belt wiU be most heavily strained when running 
at its slowest speed on the largest lathe cone pulley, of diameter A, say, 
when a cut of standard area is being taken on work of face plate diameter ; 
then the value of V„ the corresponding belt speed, is obtained as follows : — 

rig = greatest number of cone revolutions. 
Ui = least „ „ „ 

wAui 



V,= 



60 X 12 



Now we must obtain w, in terms of N^, the greatest spindle revolutions, 
of which we know the value for each size of lathe. But if the cone is 
directly coupled to the spindle when the latter is doing N^ revolutions, 
n = N^. Suppose we have two countershaft speeds ci, the faster, and ca, the 
slower. Then E being the diameter of the smallest, or qth, cone-step— A 
that of the largest — on either cone ; we have — 

A , E 

n^ = cig, and n, = Cg^ 

or », = N,^, 

T»»«« ^' = 12 X 60>- (^) 

Now we find that for modern lathes in which the cone is mounted on the 
spindle, the diameter of the largest cone-step is twice the height of centres — 
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vide Fig. 23 — the sheers being spread, or the bed dropped, so that this is 
possible. Or, pnttiDg A = 2A in the last expression, we have — 

V - J^_^J^^^- - ^^' a\\ 

^' " 12 X 607^-' ~ I2O1*'-' ^ ^ 

Inserting the proper value of N^ in this expression, which is N^ = , 
for lathes up to 18-in. centres, we obtain finally — 

_ h X 3600 _ ^ o, 

^' "* 120 X hr^-' "7^-' ^^^ 

The similar expression for the greatest belt speed — when there are two 
countershaft speeds — ^is — 

V,-l (43) 

r * 

N 
It is clear that, for a given size of lathe — that is, a given value of y^' — 

V, is greater the smaller r*»"* is; i.e. the smaller r and q are. Now 

^ =r 7*^~i = 7^"^; and if p and m be fixed, s depends upon q only, and 

r is smaller the greater q is. Thus, since as q increases r diminishes, the 

N 
resulting effect upon r*""*, i.e. upon Vi, is but small, provided ^ remains 

constant. 

On the other hand, for a given size of lathe, if p and q be fixed, and the 
number of speeds varied by altering m — one plus the number of back 
gears — s increases, of course, proportionately with m, and r suffers diminution. 
Therefore, r*"* is diminished with increasing m, and V,is therefore increased. 

(The percentage increase of V,, ue. the percentage by which the width of 

the belt B is lessened, due to a given increase of m, is greater the larger the 

N# 
value of ^, i.e. the larger the lathe.) 

All this is best seen by working out concrete cases ; and for this purpose 

we have taken the case of a 6-in., a 12-in., and an 18-in. lathe ; and for each, 

determined the values of r, V„ and B for a two, three, four, and five-stepped 

N 
cone ; and for two and three back gears ; p being 2 in all cases, and :j^ as in 

Table XXVI. 

The results are shown in the accompanying Table XXX. 
The general conclusions to be drawn from Table XXX. are as follows : — 
A 6-in. belt is required to take the standard cut at its proper speed upon 
a 6-in. lathe when there are two back gears, and a 5-in. when there are three, 
irrespective of the number of steps upon the cone. The ratio of the greatest to 
the least number of spindle speeds has been taken as given in Table XXVI., 
and in agreement with ordinary practice for a general purpose lathe. But it 
is obvious that in special purpose lathes, where that ratio need not be so large, 
if the same number of changes of speed be supplied as in Table XXX. the 
geometric ratio r will be correspondingly less, and V„ the least belt speed, 
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correspondingly greater, and as the breadth B varies inversely as V^ the 

necessary width of strap for the standard cut can be much reduced. 

For a 12-in. lathe a 7-in. belt is necessary with two, and a 5J-in. with 

three back gears. These are not much wider than for a 6-in. lathe, because 

N 
although r increases and V, diminishes, owing to the increase of ^' (for any 

given q), the product of V, and 
P, the allowable tension, is found 
to rise at about the same rate as 
the horse-power, owing to the 
larger value admissible (after 
Gehrckens) for P upon a cone 
step double the former diameter. 

Similar remarks apply to the 
18-in. size. 

Comparisons of these belt 
widths, which it should be again 
pointed out are based upon an 
efifective tension double that which 
Herr Gehrckens recommends — 
with the spots from practice, 
plotted in the upper part of Fig. 
23 (ring and dot)— show that the 
belts at present supplied are only 
capable of from one-half to three- 
quarters of the power really re- 
quired in these lathes ; if even a 
moderately eJB&cient use of the 
new steel is to be made (calculated 
belt widths are shown by lines 
bb). No doubt they are capable 
of taking heavy cuts, but certainly not at their most efficient speed. 

Belts so broad as those indicated in Table XXX. are both inconvenient to 
handle and lead to costly construction, owing to great length of headstock ; 
and the conclusion seems inevitable that in lathes intended for high-speed 
steel, which have ordinarily wide ranges of spindle speed, it is bad practice to 
mount the cone on the spindle^ so that the latter can be run single speed. 
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THE BELT {continued) — cone mounted on back shaft 

Case II. — ^The cone is mounted on a back shaft, and drives the spindle 

2400 
when running at its highest speed N^ = —, — through a gear of ratio E^, which 

gets greater the larger the lathe. Provisionally we shall lay down the rule 
that this ratio is to have such a value that the lathe belt speed shall not be 

greater than 3000 ft. per 
minute when the belt is 
running on the largest step 
of the lathe cone, and the 
countershaft at its lowest 
speed. If the largest cone 
step is again denoted by A, 
it is found — see Fig. 24 — 
that we may assume the law 
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A = 12 >/A 



(44) 



for the relation between this 
diameter and the height of 
centres. The curve of this 
expression is shown in upon 
the figure (24) ; and we see 
that practice agrees with, or 
sometimes exceeds, the 
values it gives for sizes up 
to about 40 in., whilst for 
larger sizes there is not 
much information available. 
If W| is also, as before, 
the lowest lathe-cone speed 
when, i.e,, the counter-shaft is running at its slower speed, and the belt is on 
the largest lathe cone-step ; then the slowest belt speed V„ which is that 
which governs the design of the belt, as it then has to pull the standard 
cut on work of face-plate diameter, and at its proper speed for high-speed 
steel, is got from 

'"■ 12 X 60" 12 X 60 Xr^^-^ ^^ 

as before ; for n, = R„N^ and n, = -^^. 
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Fig. 24. 
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Now K„ is to be determined by the condition that V, = 50 ft. per sec. 
So that 

«.='-i"r;;? <«> 

If we take the numbers of speeds, of cone-steps, and of back gears as 
indicated for the various sizes of lathe in Table XXXL, above, the correspond- 
ing geometric ratios for those sizes and conditions will have the values there 
given ; and r**"^ will be known. 

Now, putting V, = 50, A = 12A*, and N^ = — ^-, as before, we get— 

For a 12-in. lathe K. = 4 
„ 18-in, „ R, = 6 
„ 24-in. „ E, = 6 
„ 36-in. „ R, = 9. 

It may be remarked that for all these sizes (and a least belt speed of 
50 ft. per second) 

B.= -^ (47) 

or the single-gear ratio is, in this case, equal to the height of centres in 
inches, divided by the number of back gears. 

We may now work out a numerical example under the conditions just 
specified, and then tabulate the results of a number of other cases obtained 
in precisely the same way. 

To find the width of belt required for an 18-in. lathe for high-speed steel 
only; the cone being mounted upon a back shaft and driving the spindle 
when it is running at its highest speed through a 6 to 1 gearing ; Gehrckens' 
figures assumed for the effective belt tension. The number of cone-steps, 
four ; of countershaft speeds, two ; the number of l>ack gears, three. Then 
the geometric ratio is 

r = ^/ = 34-^ = 1-121 

N, 

and r^-' = 223. 

Also A = 12 X 18^ = 32. 

rrv. V TT X 32 X 6 X 2400 .^ «. ^^^ 

Then V, = —„-^^ — ^-^ t^ = ^" "• sec. 

720 X 2-23 X 18 

The effective belt tension is 

P = \/A0'5 + OIV,) = 5-66 X 12-5 = 70 lbs. per in. 

rru c 1^ 550G.H.P. 550x13-7 o... 

Therefore B = -p^-- = "t^^q- = 246. 

B = 2i in,, say, vide Table XXXI. 

Table XXXI. gives the results of such calculations for 12-in., 18-in., 24-in., 
and 36-in. lathes, taking one, two, three, and four back gears. 

If we compare the belt width so obtained with those plotted in Fig. 24, 



56 



LATHE DESIGN 



X 



I 




THE BELT — CONE MOUNTED ON BACK SHAFT $7 

we find them, on the whole, smaller than usual in practice, notwithstanding 
the fact that the horse-power postulated is in excess of that ordinarily allowed. 
This is due to the high speed — 3000 ft. per minute— we have allowed upon 
the lathe belt. If we go further into the question we find that such a high 
belt speed produces countershaft and main shaft speeds of revolution which 
are altogether too high. Thus we have — 

^=^; = rV = 7^ (48) 

Therefore V, = 1-7 V, = 85 ft. per sec. 

if r = 1-102 (12-in. lathe, three gears). 

85 V 12 
therefore n„ = - ^77- = 13*6 revs, per sec. 

' w X 24-2 ^ 

Or the highest cone revs, is 920 per minute. 

E 920 
The highest countershaft revs, is 920-r = =-^i-^^ = 800 revs, per minute. 

A I'loU 

Such a speed is only admissible if the counter cone is mounted upon the 
shaft of an electric motor, and it is because such a method of working, 
although not as yet generally adopted, appears to offer certain advantages as 
regards not only first cost, but also running expenses, that the belt widths 
obtained under the present conditions, and stated in Table XXXI., have been 
allowed to stand. 

It is now proposed to fix B^ in another way. In Table XXXI. the small 
belt widths obtained are at the expense of a very high speed of countershaft 
revolution. We may now reverse the process, and fix the allowable lathe 
belt speed from a consideration of the possible or usual speed of revolution of 
the countershaft. Assuming a linear speed of the main shaft to countershaft 
belt of 3000 ft. per minute, the speed of revolution of the latter depends upon 
the size of the (smaller) pulley diameter allowable. Obviously the larger 
this is the more economical for the purchaser, as the smaller his belt will be ; 
and since the belt will be replaced many times during the lifetime of the pulley, 
the less the weight of leather to be renewed the less the maintenance charge. 

Taking the smaller countershaft pulley diameter at 7\/h, we obtain the 
values of the higher countershaft spe^, ci, given in line 9 of Table XXXII. 
We then obtain E^ as follows ; — 

p _ ^ _ E _ cir ' 

A is maintained as before, equal to 12A* — see curve in Fig. 24. Thus 
we find — 

V = ^ ^^^ if ^ TT X 12M X 60 X 12r«' 
' 7207*-^ "" 720?*-7>/A 

V, = i^ (49) 

and tMs is given in line 12 of Table XXXII. 
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Gehrckens' constants for the allowable belt tension can now be worked 
out. They are found to vary but little, and an average value of 60 lb. per 
inch of width has been taken for all sizes. The formula BPV = 550 6HP 
now gives B,,and this is tabulated as line 13 of Table XXXII. 

The values have also been plotted in Fig. 24, and it is not a little 
surprising that they approximate almost to a linear law passing through zero. 

A roughly approximate formula of very great simplicity seems to meet 
all cases up to 24 in. height of centres, namely — 

B = - (50) 

where B is the belt width — double thickness — A is the height of centres, and 
m is one more than the number of back gears supplied. 

For larger lathes the belt widths required for pulling the standard cut on 
face-plate diameters, at their appropriate speeds, become impossibly great; 
and this is taken to indicate that for lathes above 24 in, centres the proper 
mode of driving is by an ail-gear head driven through a single pulley at 
high speedy or by an electric motor. 

As compared with the widths of belt given in Table XXX. for cones 
mounted directly upon the spindle, Table XXXII. shows the great advantage 
to be gained by interposing a gear or gears between cone and spindle, even for 
the highest speeds of the latter, so that the cone can never be coupled directly 
to it. Even allowing, as was done in Table XXX., double Gehrckens' values 
of the proper tension, belts of quite impracticable widths are necessary for all 
but the smallest sizes of lathe in the single speed design if anything like the 
power is put in which the new steel can make use of. 

It would therefore appear that the single-speed design, with cone mounted 
on spindle, is incapable of giving the results which should be expected by 
purchasers, except for the smallest sizes of lathe — certainly not larger than 
9 in. centres. 

We see now, further, that for sizes of lathe above 24-in. centres it will be 
better to abandon stepped cones altogether, and to secure all variations of 
speed by means of clutches and gears only, the lathe being driven by a belt 
upon a single pulley of large diameter running at a high speed. The belt may 
then run at a speed of 3000 ft. or 4000 ft. per minute, and an effective tension 
of 100 lb. per inch of width may, according to Grehrckens, be allowed with the 
best economical results. 

This case, known as the '' all-gear head," is one which we shall examine 
in the next chapter. 



CHAPTER XII 

THE BELT {continued)— "SO cone— all-geak headstocks 

Case HI. — ^All-gear Headstook. — Belt drives by a single pulley of large size 
running at high speed. 

The problem of this case may be treated more directly than the two first, 
as no reference need now be made to the geometric ratio or the spindle speed. 
If / is the cutting stress, a the area of cut, and v the cutting speed, the work 
spent upon actual cutting is 

fav (ft. lbs. per min., if / is in lbs. per sq. in., a is sq. in., and v is ft. 
per min.). 

As a rough approximation — pending further experiments — to the W9rk 
lost between the main shaft and the tool by reason of journal, gear, and belt 
friction, we shall assume that when the highest gear is in and the standard 
cut is being taken upon work of face-plate diameter, the friction horse-power 
is expressed by the relation 

FHP = | (51) 

This means that 33,000 ^ = 5500 h ft. lbs. are spent upon friction per 

minute. 

If P be as before the allowable tension per inch of width B of the belt, 
and V the speed of the belt in feet per second, the work it is capable of is 

60 BPV ft. lbs. per minute. 

Hence 60BPV = fav + 5500A 

JK - A^+5 500A . 

^^ ^ = 60PV (^^> 

Here / = 2240 x 115, a = ^, and i; = - -|- 15 

b4UU a 

Therefore ^ = ^^-+^±^1 (53) 

If the pulleys are 4 ft. in diameter, so that the belt speed is about 
50 ft. per second, with a countershaft speed of 250 revolutions per minute, 
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then P = \/D (75 + OIV) = 90 lbs. (by Gehrckens) per inch for a double 
belt, and fonnula 53 reduces to 



or 






■'-•n*on'&- ■ 






(54) 


e.g.— 




















TABLE XXXm 








h = . 


1 
. 12 in. 


18 in. 


24 in. 


80 in. 86 in. 


42 in. 


48 in. 


60 in. 


B = . 


. 1 IJ in. 


2 in. 


21 in. 


^ in. 4} in. 


51 in. 


Tin. 


10 in. 



These belt widths can only be obtained by giving the belt a speed through 
the air of 3000 ft. per minute for every size of lathe, and by having the 
pulleys not less than 4 ft. in diameter. 

As it is not usual to supply such large belt pulleys for lathes of less 
than about 5 ft centres, the sizes must be redetermined for conditions more 
in accordance with practice. At the same time there seems no reason 
why a 4-ft. pulley should not be used for even small lathes, if the 
design of the headstock were so arranged that the driven fast and loose 
pulleys might overhang the feed change gear, and be placed at the back of 
the lathe. 

We may assume, for the purposes of our further belt calculations, a 
countershaft speed of 250 revolutions per minute. There would be no need 
for a countershaft at all — with the single pulley drive — ^if the main shop 
shafting were run at a proper speed. Such a speed as 250 r^olutions per 
minute is, however, quite exceptional, the more usual being 150 to 180 
revolutions per minute, or in the more old-fashioned works 120 revolutions 
per minute. There seems no reason for this but old prejudice and unwilling- 
ness to advance with the times. A higher speed of the line shafting would 
be a great gain all round. 

Two cases then fall to be considered. First, when the pulley on the 
counter — or main — shaft and that on the headstock are both of the same 
diameter, that diameter being D = 12v^A. This gives a belt speed, var3ring 
with the size of the lathe, from 1800 ft. per minute for a 12-in. lathe to 
3000 ft. per minute for a 60-in. Secondly, when the countershaft pulley is 
kept 4 ft. diameter, and, therefore, the belt speed is 3143 ft. per minute — 
52*3 ft. per second — for all sizes. 

The results of calculating the belt widths based on these two different 
assumptions are tabulated below — Tables XXXIV. and XXXV. — for sizes of 
lathe for 12 in. to 72 in. 

lines 7 in each table give the belt widths. Line 9 gives the values of 
E,, the ratio of the gear or gears between the driven pulley on the headstock 
and the spindle when the latter is running at N^ revolutions per minute— its 
highest speed. 
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Lines 7 and 9 have been plotted in Fig. 25, as also spots, showing the 
latest values from practice for this style of design. 
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Fig. 25.— All-gbar Head— Pulley Diameter and Belt Width. 



The improvement to be effected by increased countershaft — or main shaft 
— speed and larger pulleys is very clearly shown. The driving belts are 
thereby reduced to a reasonable size, even for the largest lathes. 



General Eemarks on the Belt Drive. 

The power which can be transmitted by a belt B inches wide, travelling 

PBV 

with a speed V feet per second, is PBV foot-lbs. per second, or -^=^ H.P., 

where P is the effective tension per inch of belt. The valaes of P deduced 
from Gehrckens' experiments have been given in Chapter IX. They are 
greater as the pulley diameters are larger and the speed through the air is 
greater. For the belt speeds usual on a lathe whose cone is mounted on the 
spindle, this speed is about 15 feet per second, and the effective tension, 
according to Table XXIX. (p. 48), would be no more than 40 or 50 lb. per 
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inch of widths for a double- thickness belt. 
per inch of belt at 15 feet per second is then- 



The horse-power transmitted 



PBV 50 X 1 X 15 



550 



550 



- = 1-37 H.P. per inch of width 



For a lathe having a cone mounted on a back-shaft, the belt speed may 
be increased to 50 or 60 feet per second. This means a safe working tension 
of 60 to 75 lbs. per inch, and a transmitted horse-power 50 per cent, greater 
than before— say about 2 H.P. per inch of width. 

In the case of a lathe having an all-gear headstock, the driving pulley 
may be of larger diameter than with either of the above designs, in which the 
belt, when driving the spindle at its highest speed, runs upon the smallest 
step of the lathe cone. There is also no reason why the speed through the 
air should not be maintained at 80 or 100 feet per second, if only the line 
shaft runs at 200 or 300 revolutions per minute (as it ought to do), or an 
electric motor be used. In that case the allowable tension per inch of width 
may be safely taken at from 100 to 120 lbs. per inch of width, and the 
horse-power transmitted will rise to from 2*8 to 4 H.P. per inch of width. 

A more particularized inquiry into this question is given in Chapter X. 
for the first. Chapter XI. for the second, and Chapter XII. for the third of 
these cases for high-speed steel lathes. Examination will show that the 
horse-powers per inch of width of belt given in Tables XXX. to XXXV. are 
on a somewhat more generous scale than the above, this being due to the fact 
that in Chapters X., XL, and XII. belt tensions double of Gehrckens' best 
values were allowed. 

The question as to which is the better estimate is one which can only be 
decided by the purchaser's views regarding all-round economy. If he selects 
narrow belts and high effective belt tensions, he will get a much cheaper 
lathe ; but his bill for repairs, renewals, and stoppages will very soon wipe 
off the initial saving. By selecting a more expensive lathe, with faster running 
or broader belts, he will effect an economy in the long run, besides leaving 
a greater reserve of possible power in the machine for emergencies. 

In view of such comparative estimates of the available power and 
durability of different designs of lathe in respect of their belt drives, it will 
be well to set forth here in a collected form the formulae for the various 
cases. This is the more necessary since we have not, so far, considered the 
effect upon the power supplied of those designs in which, with two or more 
countershaft speeds, the consecutive changes of spindle speed are effected by 
shifting the countershaft belt between every change of cone step. Reference 
to this question was made in Chapter VIII. (pp. 38 and 39, g.t?.), but its 
discussion was postponed as being of less importance than that of the more 
usual and better method there described as method A. 

Employing the symbols speci6ed on p. 39, and the reasoning of p. 50, we 
easily get the following results for the two ways of working : — 



Method A. 
A •nl 

fit Cp 



A ''<VL 

E=^ ' 



Method B. 

f 1) 



-^j>-i 
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Now 



Method A — continued. 



I Method B—conUmied, 

therefore r = Sr*~ * for both methods. 



~ 12 X 60 

7aos^«' ») 

"' "" 720S^« L " 2(jpgw - 1)J 



V - »^ 
' ~ 12 X 60 



V,= 



irAN^ 

720S>-»' 

irAN- 



I ^' - 720S;» L " 2(P2»» - 1) J 

Hence the greatest horse-power which can be transmitted is — 

and HP ^raV,_PB irAN, 

ir2^x^600 PB I _ir2;^x8600 PB 

'' 660 X 72'0;i S/* I 660 X 720^1 S/ 



^ PBV, _ PB irAN, 
"^^' ~ '660 ~ 660 726Sr« 



HP,= 



PB 

17-5S^« 



HP,= 



PB 

17-68/ 



Similarly, HP„ the least horse-power, or that which the belt can transmit 
when running at its slowest speed and mounted on the largest lathe cone 
step, is — 



HP,= 



PBV, _ PB 

550" 



PBttA 



N, 



550 12 X 60''' ~ 550 X 720 r"-> 



for both methods A and B. Since, as before — 



r = s;-* 

PBttA 



HP,= 



N, 



550x720 ^, 

w x2hx 3600 PB 
550 X 720 X h S; 
PB 

' i7-5s; 



2)q - 1 
pqm — 1 



Thus the horse-power which can be supplied per inch of belt maybe 

S600 
taken to be, for lathes in which A = 2A and N^ = —j— , 



Method A— 

HP„ = 



Method B— 

HP^ = 



With oone on spindle. With cone off iplndle. 



2*86 
(P = 60) 



WithAll-genrliMui- 



Foc both methods- 
HP, = 



2j3 

(P = 40) 



2-3 



(P = 40) 




CHAPTER XIII 

lathes for carbon steel — speed, cut, and power 

Lathes for Carbon Steel 

It is proper that we should now consider the design of lathes for carbon 
steel, as the low speeds which are used for finishing, in many cases, render 
the use of the old brand of steel not only possible, but economical. An 
obvious suggestion is that a general-purpose lathe should be designed so as to 
permit of the use not only of high-speed steel for roughing out, but also of 
common steel for finishing. Before deciding whether any such compromise 
is possible or desirable, we must make an inquiry into the modifications 

yd nation of cutting speed nit/ftxrea oF cut for 
carbon i ordinary mushet stee/. 




•025 -05 -075 -I '15 -2 25 

>lr«a ofCut(Cut4rTraireree) 

Fig. 26. 



necessary in the rules above established for high-speed steel lathes, when the 
use of carbon steel only is contemplated. 

h , . . h 



The depth of cut, .^, and the width of traverse, - g^, 
same as before, so that the expression for the area is 



will be taken the 



a = ct = 



6400 



(55) 



With regard to cutting speed, we have shown, on Fig. 26, a number of 
values obtained from practice for common, and for ordinary Mushet, steel for 
the speeds ordinarily allowed with different areas of cut. A simple formula, 
representing the relation between this speed (v) and the area (a), is 



V = 



a + 0-2 



(56) 
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The similar formula for ordinary Mushet is 

8 



t7 s= 



a + 0-2 



(57) 



Thus we obtain for the horse-power required for cutting with carbon 
steel 



GHP=7.8a. = 7-8g|,X^ 



6400 



+ 0-2 



h^ + 1280 



Hor^% Power. Sp^^ 4 areo of' cut on 
Height of Centres 



The gross horse-power, calculated by this formula, is given in the annexed 
table for a series of lathes with heights of centres from 6 in. to 6 ft. 

Table XXXVL is, of 
course, partly a repetition of 
Table XXV., already given 
for high-speed lathes, but the 
lines for cutting speed and 
horse-power are new. The 
data are plotted in Fig. 27 
as ordinates on a base of 
height of centres, and may 
be compared with those given 
in Fig. 18 for high-speed 
steel. 
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Speeds and Geabs. 

Using the same notation 
as that already established 
on p. 34, ante, we have to 
revise the conditions there 
postulated in the following 
manner. 

The value of N^, the 
highest spindle speed which 
has been usual in practice, 
does not appear to have been 
hitherto fixed by any rational 
consideration. This is evi- 
dent from a glance at the 
full-dot spots plotted in Fig. 28, which are results from recent designs of 
lathes using carbon steel. With some makers N^ is the same for all sizes of 
lathe ; with others it decreases with height of centres, as it should do ; whilst 
othei-8, again, even increase TSg as the height of centres gets greater. 

All necessary requirements would appear to be complied with by giving a 
speed of 30 ft. per minute for the purpose of finishing a bored hole or for the 
drilling of a hole of a diameter not less than ^th of the height of centres. 

If the high spindle speeds sometimes supplied have been furnished with 
a view of enabling polishing to be done, then it need only be remarked that 
for the smaller sizes of lathe it is more usual in up-to-date shops to move the 
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job into a cheaper machine, where a handy labourer can be employed to do 
the polishing ; whilst for larger lathes, where the work is not so easily moved 
about, the necessary polishing speed of, say, 120 ft. per minute can be 

obtained on diameters of work even as small as 7, if the above 30 ft. be 

allowed upon a diameter of =-^. (This remark applies also, of course, to small 
lathes; but in the best shops it is considered better to shift the jobs for 

Greatest and ieast re^s. otsptndtefper 
mirO and ratio ofsame with height of 




g 12 la ZJ^ 3[? 3t n^ 49 M ^0 b^ 
Height oF CtJttr^s(in inches) 

Fig. 28. 



polishing purposes into a machine used for that work only.) We then 
obtain 



16 X ^2-^" 



or 



N„ = 



16 X 12 X 30 1833 



1800 



. (59) 



The smallest number of revolutions of the lathe spindle Nj is determined 
by the consideration that it must be possible to take the standard cut, ^j^, 

upon work of the face-plate diameter and at the appropriate speed, z? = p \_' 1 ooh* 
found to be usual in practice. We thus get 

12v 12 X 25,600 49,000 



N,= 



TT X 2h 27rh(h:' + 1280) h{h^ + 1280) ' 



. (60) 
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Finally, the ratio of the greatest to the least number of spindle revolu- 
tions is given by 

|..5^yi04^475 (51) 

These three quantities are set forth numerically in Table XXXVII., and 
have been plotted as curves on a base of height of centres in Fig. 28. They 
refer to lathes of from 6 in. to 6 ft. centres. They may be compared with 
Table XXVI. and Fig. 19 for high-speed steel lathes. 

On the same Fig. (28) a large number of values from practice have also 
been shown. Full black spots are values of N"^ ; hollow spots, N, ; and spot 

and ring, ./• The highly indefinite nature of the data ordinarily employed 

is very apparent ; and it may be said that hitherto no definite rule has been 
followed, and no relation has been obtained between the spindle speeds or tJieir 
ratio and the size of the lathe. Whether this has been due to the idiosyncrasies 
of purchasers or the carelessness of makers, it is impossible to say ; but it is 
surely obvious that such a state of confusion ought not to exist. 



CHAPTER XIV 



LATHES FOR CARBON STEEL— THE BELT— CONE ON SPINDLE 

The Belt Drive 

It now becomes necessary to repeat in a modified form for carbon-steel 
lathes the investigation made in Chapter X. regarding belt width. The same 

three cases fall to be considered ; 







Oi9 iltiWhji 
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Fig. 29. 



recent practice. 

Putting this value into expression (40) we have 



and we commence at once — re- 
ferring to p. 50— with :— 

Case I. — Cona mounted on 
spindle and connected directly to 
it for the highest spindle speeds. 
The expressions there given for 
the belt tensions per inch of width 
36 and 37; for the gross horse- 
power, and the belt width in terras 
thereof (38), remain the same as 
before. Equations 39 and 40 also 
hold good if there are two coun- 
tershaft speeds, and q cone pul- 
leys ; but equation 41 will require 
a slight alteration, as we now 
propose to assume a value of the 
diameter of the largest cone step 
less than 2A— that assumed on 
p. 50— in order to be in better 
agreement with common practice. 
By reference to Fig. 29, and to 
the values of the largest cone step 
diameter there plotted (full dots), 
it will be seen that a cun-e 
having the equation A = Gy/A 
gives a good approximation to 
average values obtained from 



V,= 



TT X 0\/AN, TT X 6\/A X 1833 48 



12 X OOr^- 



7201^'-' X h 



V^ir"'-' 



(r>2) 
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Similarly, the highest cone-belt speed is 

V =--^^ (03) 

We must now repeat the computation of the items as given in Tables 
XXX., XXXI., or XXXII. ; but for the altered conditions now postulated. 
It may here be well to work out one example fully. 

Example.— To calculate the width of single hdt required upon a 9-t». lathe for carbon 
steel : cone mounted on spindle; two countershaft speeds ; two hack gears ; three and four cone 
steps ; the allowable tension being taken double of that recommended by Oehrckens ; N^ = 204 ; 

We must first determine the geometric ratio r. It is known from the formula ^' = r"\ 

/3\ /8l\ 

when « is the number of speeds. Now, « = pqm = 2 x I or I x 3 = I or I according as three 

1 \os — - 

or four cone steps are a.s.sumed. So that, from r = f j^- j , we have log r = ^ _ j* = 

T^^^ = ilr^L = O'lOOi or 0-0743, and r= 1-259 for three, and 1-187 for four 
1 / or 23 17 or 23 ' ' 

cone steps. 

JO _ 

Now, V, = -j= , and as Va = 3 ; and (27 - 1) log r = log r"', or 

^1, rO-5020\ , f^"'^ 

-)>«>S'-={0-520l}=''>«(3-2 

accord mg as 7 = 3 or 4 ; we have 

^' = 3-x-3-r7ror 3^12 = ^-^ "' '■«* "• ^' "^''""'^ 

Then we have, from our formula for Gehrckens' belt tension 

P = ^Jfl + y]) = ^/WOl + -j?^") = V18 X 7-36 = 31-2 and 2P = 62 

Now, the horse-power required to take a cut of jt; with a traverse feed equal to one-fourth 

of this is, by Table XXX Vf., 1-85; and the belt width is obtained at once from the formula 

^ 550GHP 550x1-85 0^.. „.. 

B = -,cv,.>— = /-o- R Txi —A^QA = 3*25 m. or 3-4 m. 
2PV, 02 X 5-04 or 484 

This example shows what a small difference in the width of the belt is 
produced by altering the number of cone steps. It will be observed in the 
course of the calculation that, although an increase in the number of cone 
steps diminishes the value of the geometric ratio — the number of back gears 
and countershaft speeds remaining unchanged — by increasing the number of 
speeds, yet the term r^ ^ is hardly altered, because q increases whilst r 
diminishes ; V, is, therefore, not much changed, and as P also remains the 
same, the belt width is not materially affected. 

It is quite different, on the other hand, when the number of back gears 
(that is, m — 1) and m are altered. The number of speeds rises proportionally 
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with the number of back gears, and r is correspondingly diminished. But 
in the term r^"\ the power 2^' — 1 remains the same, because q^ is unaltered, 
and 1^'^ therefore gets less with r. Thus V, is materially changed by 
altering m ; and the belt width is considerably affected. 

This is clearly shown in the tables. Take, for example, the 18-in. lathe 
in Table XXXVIII. By increasing the number of cone steps from three to 



TABLE XXXVni 



Belt Widths for Lathes using Carbon Steely Gam on Spindle, Standard Diameter 
(2 = A — VA). Only Chie Countershaft Speed. 



h ' 

n' ! 

% I 

I 

Nmnber of back gears . i 2 
m 3 

3 3 

a 9 

Logr 0-183 

r 1-624 

g-i 2 

rf-' 1-845 

V, = - M^. .... 10-6 
P = \/6^h(l + YA . ; 30 

P = \/6~^^(7-6 + ^) 

2P 60 

Horse-power, GHP . . 0-855 

650 GHP ! . 

^= 2PVr- • • -, ®^* 



6 in. 
305 


9 in. 
204 


29 


3* 



2 

3 

3 

9 

0-1915 

1-664 

2 

2-415 



6-63 



82 



64 
1-86 

24 



12 in. 
152 



2 

3 

4 

12 

0143 
1-390 
8 
2-685 

5-15 



— 84 



68 
3-16 



16 in. 
122 


18 in. 
102 


41 


46 


3 

4 

4 

16 

0-1076 
1-280 
8 
2-101 


I 

4 
16 

0-1108 
1-290 
3 
2160 


6-9 


6-3 

1 


36 


88 1 


72 
4-66 


76 
6-8 


6 


8-6 

1 



21 in. 



8T 
49-2 



21 in. 
76-3 



0-0892 0-0916, 

1-228 ' 1-236 ! 

8 j ^ 

1-862 , 



5-66 



39 

78 
8 

10 



1-882 
5-2 



41 

82 
9-7 

125 



4 
6 
6 
7 
8 
9 
10 
11 

12 



18 



14 

15 
16 

17 



four, the belt width is changed only from 9'1 in. to 9*4 in. with three back gears, 

and from 7*6 in. to 7*5 in. with four back gears ; whereas, keeping the number 

of cone steps the same, say four, and increasing the number of back gears 

from three to four, the belt width is brought down from 9'4 in. to 7*5 in., or 

by nearly 2 in. From this we are to infer that, as the size of lathe increases, 

it is necessary to put in more back gears in order to keep down the width of 

the belt to a reasonable figure, and this fact becomes very evident from a 

mere inspection of any of the tables. 

Referring especially to Tables XXXVIIL, XXXIX. and XL., which cover 

the case we are now considering, of the cone Dwunted upon the spindle and coupled 

directly to it for the highest spindle speeds, we see that for lathes above 18 in. 

A* 
centres the widths of belt required to pull the standard cut, area = ^^^vi 

at the ordinary speeds for carbon steel of 16 ft. per minute and less, become 
extravagantly great, and we are driven to the conclusion that /or lathes using 
carbon steel above 16-m. or 18-i?i. centres, the cone must be mounted on a back 
shaft and geared to the lathe spindle by a pair of gears when the highest ytindle 
speeds are being employed. 

In Table XXXIX. the requirement has been fulfilled that the standard cut 
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shall be taken upon work of face-plate diameter (2A). Table XXXIX. has 
been calculated on the assumption that this cut will never be taken on work 
of diameter which cannot be swung over the saddle. This diameter is found 
to be 2 (A — \/A), the depth of the saddle being about equal to \/A, and this 
is the fundamental datum underlying Table XL. 

The belt widths obtained by calculations precisely the same as that given 
above, for these two assumptions, standard diameters 2A and 2(A — y/h) 
respectively, have been plotted as ordinates on a base of height of lathe 
centres in Fig. 29 {vide p. 72). 

The resulting curves show an approach to linearity which is little short 
of suiprising, when the complexity of the formula for the belt width in terms 
of the height of centres is considered. 

They are all represented by a formula of the type 

B = KA - L 

if the spots representing belt widths for different sizes of lathe mith the same 

number of back gears are connected together. 

The values of K and L may be most concisely given as follows : — 
LiTvear formulae for belt imdths for common — i.e. carbon steel — latJies tvith 

co7i4 on spindle ; standard cut to be taken on diameter = 2A. 

Number of back gears. Formula. 

2 B = 0-78A - 3-25 in. 

3 B = 0-80A - 5-6 in. 

4 B = 0-82A - 7-2 in. 

If we compare these correctly determined values of the belt widths with 
the values commonly obtaining in practice, as exhibited by the dot and ring 
spots on Fig. 29, we see that the usual values are, more or less, of the right 
order of magnitude for lathes between 8-in. and 15-in. centres. 

For smaller lathes the ordinarily allowed widths are too great, whilst for 
those above 15 in. the belts usually supplied are absurdly too small. In other 
words, the ordinary make of lathe larger than of 15 in. height of centres (and 
over 12-in. centres in which there are less than three back gears) with cone 
mounted on spindle is not capable of taking the standard cut of depth A/40 
and traverse A/160, at a speed of 16 ft. per minute, on work either of face- 
plate diameter or even of a diameter which can be swung over the saddle. 
Belt tensions of 200 lb. per inch and over would be required to enable them 
to do so. 

In some cases which have been examined, where the cone is mounted 

on the spindle, a high belt speed and a correspondingly narrow belt have 

been obtained by allowing large values of N^, the maximum spindle speed, 

to be the rule. In ordinary course, with Jjie proper or ordinary value of 

N 
N, (the lowest spindle speed) this would entail a high value of ^; a corre- 

spondingly high value of r (the geometric ratio) for a given number of speeds ; 
and a low value of V„ that speed of the belt upon which its width depends. 
In such cases the escape from the dilemma has been by the very simple 
and obvious trick of omitting a large number of speeds from the continuous 
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TABLE 
Tahh of Mt Widths (B)for Lathes using Carbon Stesl Conss Mounted 

Three or Four St^s on the Cone, Two^ 






V,= 



48 



^hr^'»-^ .... 

P = \/6Vli(7-6 + J) . 

2P 

Horse-power QHP . . 

T, 660 GHP 

^= 2PV, • • • • 

A = 6V;T 



6 
385 



I 



9 

ao4 



153 



IS 
1S2 

M*5 



Number of back 
ffi 


geani . . 


o , 


S , . r 


Logr = 

T , 


.< 


. . . . 


%-' 











2 

3 

8 

18 



0-0996 


0-0736 


1-268 

6 

3-148 


1-186 

7 

3-275 


6-2 


60 



2 
3 
3 

18 



2 

8 

4 

24 



01002 

1-260 

6 

3-177 



6-0 



I 4 

124 



8 

' 4 

24 



2 

8 

4 

24 



3 4 

4 6 
I 3 3 
24 30 



00743: 0076 0075 



1-187 

7 

8-812 



4-8 



1189 I 1-189 
7 I 6 
3-350 , 2-371 



0-0762 00762 00605 

1-192 I 1192 ! 1-149 

7 5 15 

3*415 ! 2-404 2006 



4-1 



5-8 



3-6 



I 



5-1 



28-6 



66 
0-865 



81-2 



1-3 



1-4 



8-2 



1-85 
I 8 4 



15 



18 



37 

73 
316 

6-8 I 41 

V , 

21 



39 



78 
4-66 

6-4 



6-2 



40 



5-3 



24 



TABLE 

Table of Bell Widths for Lathes using Carbon Steel. Cone Mounted on 

Speeds, Three or Four Cone Steps, Two^ 






6 
305 



9 
204 



12 
162 

34 



'5 
122 



Number of back gears 
m 

2 

s 



2 |2 

3 I 3 
3 4 

18 24 



Logr = . 



'N, 



2 
3 
3 

18 

I 



2 


2 


3 


2 


1 
1 3 


1 
1 4 


8 


3 


4 


3 


' 4 


6 


4 


4 


3 


4 


3 


3 


24 


24 


24 


24 


24 


90 



I 



0086 0-0636 009 



00666 



23-1 



1-219 1-157 1-23 1-166 
5 7 6 I 7 

2-692 2-783 , 2*818 I 2-926 



48 



I 

00686| 0-686 007 0K>7 0K)556 

1171 I 1-171 I 1175 ; 1-176 1-137 

7 6 7 5 5 

3-021 I 2-903 309 2-239 1-897 



P = >/6V^(7 + J'). 

P = >/^^(7-5 + JJ) 

2P 

Horse-power GHP 
_ 660GHP 

^ = -2Pvr • • * 



7-3 705 6-7 



28-5 28-4 31-6 



6-48 4-6 



31-3 



67 



166-8 63-2 



6-3 



5-6 



6-5 



0-856 1-86 

11 1-8 8-8 I 8 



— 86-2 ;37-5 38-2 89 39-2 

J-6 72-4 75 76-4 ,'78 178-4 
816 4-66 

6 8 8 7 8 3 6-9 6 



A = e^/k . 



15 



18 



21 



24 
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XXXIX 

on Spindle. Standard DiarMter of Job = 2A. Two Cotmttrshaft Speeds. 
Three, or Four Back Gears. A^%^h. 



77 



1 


It 

102 




ai 






24 
7«-8 


' I 
1 a 


i 


M 


1 
1 


•4-5 






69-5 




! 3 

1 


1 

w 

!8 
24 

1 


8 
4 
4 

32 


4 
5 
8 
80 


4 

6 

4 

,40 


8 

4 

8 

24 


3 4 

4 5 
4 8 

82 30 




8 

4 

8 

24 


'8 
4 
4 

32 


4 

6 

3 

30 


4 

5 

4 

40 


4 
6 
6 
7 


1 

1 (H)776 


0-676 


0-0614 


1 00466 


0-0785 


0-0688 0-0624 


0K)464 


0-0602 


0-0696 


0-0636 


0-0478 


8 


1 1196 
2-441 


1141 

7 

2-626 


1162 

6 

2028 


1111 

7 

2086 


1-198 

6 

2-469 


1144 1-164 
7 1 6 
2-660 2-061 


1113 

7 

2-113 


1-203 
6 

2-618 


1147 

7 

2-609 


1-168 

6 

2-08 


1116 

7 

2-143 


9 

10 
11 


U-6 


4-5 


6-6 


6-4 4-2 


4-1 ' 6-1 


60 


3-9 


3-7 


4-7 


4-6 


12 


1 


— 




— 






— 




18 




41 


! 


43 






44 




14 




82 




86 






88 




16 




6-3 


1 
1 


8 






9-7 




16 


' 91 


9 4 1 7 6 


7-6 122 


19-7 10-2 


10-8 


15-5 


16-2 12-7 


13-2 


17 




26 


1 


28 




30 




18 



XL 



Spindle. Standard Diameter of Job = 2(A — ^h). Two Countershaft 
Three, ar Four Back Gears. A = G^h. 



1 


18 
102 






21 
87 






24 
76-3 




1 

2 


1 


46 






49-2 






55 




3 


l8 

1 4 

8 

24 


3 4 

4 6 

4 j 3 

82 80 


4 

6 

4 

40 


3 

4 

8 

24 


3 

4 

4 

32 


4 

6 

3 

30 


4 
5 

4 
40 


8 

4 

3 

24 


8 
,82 


4 

6 

3 

30 


t 

4 
40 


4 
6 
6 

7 


00723 


0-0686J 0K)674 


0-0427 


00736 


0-0646 


0-0688 


0-0483 


1 
0-0767 0-0662 


0-06 


0-0446 


8 


1181 
5 
, 2-299 


1-132 1 1-141 
7 ' 6 
2-372 1-936 


1-104 

7 

1-99 


1-186 

6 

2-888 


1134 

7 
2-411 


1-144 

6 

1-966 


1-106 

7 

2-01 


1-191 

5 

2-391 


1 1-189 
7 
2-474 


1-148 

6 

1-996 


1-109 

7 

2-062 


9 
10 
11 


|6 

1 


4-75 6-8 


5-7 


4-6 


4-36 


6-4 


6-26 


41 


1 4-0 

1 


6 


4-9 


12 
18 


40-4 

1 


40-2 40-7 


40-7 


41-7 


41-6 


42-2 


42*2 


43-0 


43-0 


43-6 


43-4 


14 


80-8 


ldO-4 ;8i-4 

6-3 


81-4 


83-4 


83-2 184-4 
8 


84-4 


86-0 


,86-0 187-0 
9-7 


86-8 


16 
16 


1 9-4 


9 7-96 


7-5 


11-76 


19 9-76 


10 


16 


15-6 119 


19 


17 


96 


Is 


80 


18 
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range ; so that there is a huge gap in the speed curve between those spindle 
speeds for which the cone drives it directly and those which are obtained 
through the back gears. An actual example is exhibited by Fig. 30, in 
which the spindle speeds are plotted in the ordinary way for this lathe. It 

was of 18-in. centres, and 



Speed curyefDe^U^ifbrea /8 centre jfefiero/ pwpoae 
ordinary cardce stiu/hthefameoii spin&/e)^ 



I 




WQ 



i!ji;^^^1i-"-f^4*^4^j:l 



had the cone mounted on the 
spindle. The proper value of 
N"^ by our formula is 102 for 
this size, but by running the 
cone at a maximum speed of 
330 the belt speed is much 
increased, and the width, in- 
stead of being 9 in., was 
actually 4^ in. This width 
enabled the lathe to take our 
standard cut at its proper 
speed; but only by leaving 
the gap in the speeds in- 
dicated in the figure. 

The high spindle speeds 
shown in Fig. 30 serve no 
useful purpose either for 
turning, boring, or drilling, and the true speed range of such lathes is 
comprised within the limits of those for which it is driven by its back gears. 
As concerns polishing, for which some makers claim the speeds are necessary, 
we may again point out that the rule we have adopted for N^ gives the 
respectable polishing speed of 120 ft. per minute on work of any diameter 
larger than one quarter the height of the centres. 

In conclusion, it may be said, with reference to the belt widths shown 
in Fig. 29, that all the more eminent tool-makers mount their cones on a 
back shaft for lathes of over 18-in. centres, and the propriety of this procedure 
is amply confirmed by the width indicated as necessary by the straight line 
curves of that figure calculated from our rules. We now pass on to the 
consideration of the next case. 



N9 ofspeeas to Spindfe 
Fig. 80. 



CHAPTEK XV 

LATHES FOR CARBON STEEL — CONE OFF SPINDLE 

Case II. — The cone is mounted upon a back shaft and drives the spindle 
for its highest speeds through a gear of ratio R^, Provisionally we shall lay 
down the rule that R^ = x/A, which gives ratios which are constructionally 
convenient Fig. 31 gives the evidence from practice which justiJBes the 
acceptance of this value for the ratio of spur-wheel to pinion diameter through 
which the higher spindle speeds are obtained. The spindle speeds N^ and 
N, being determined in the same way as before, the adoption of this rule for 
Eo obviously fixes the speed of the cone belt (as also tlie countershaft revolu- 
tions) when running upon any of its steps. 
We have, in fact (as on p. 54, arUe) : — 



Also 

And 

n^ r^ * 

wA*, --AP \r •-AP V 1ft V 19 V f^O ±91 

(64) 

From the values of V, so calculated, and the assumed relation A = 6 \/h — 
which equally here is seen to be the practical rule for the diameter of the 
largest cone step {vide Fig. 32, full dots and curve) — Gehrckens* constants 
for the belt tension are obtained, and the belt widths are then easily found. 

Throughout these belt calculations (as has been repeatedly pointed out) 
double the value of Gehrckens' effective tensions have been allowed, as being 
in better agreement with British practice. 

The belt widths have been worked out on the above assumptions for lathes 
from A = 12 in. to A = 72 in., and the values have been entered in Tables 
XLI. and XLII., and plotted in Fig. 32. The full line curves give the belt 
widths which are capable of pulling the standard cut at its proper speed on a 
diameter equal to 2 A, the dotted curves on a diameter equal to 2(A — y/A). 
They are for two, three, and four back gears. 

We see that the belt widths are no longer even approximately linear when 
plotted on the height of centres. 
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TABLE 

TahU of Belt Widths for Lathes using Carbon Steel Gone Mounted on Back 

Steps on Cane, One^ Two^ Three, Four and Five Bach Gears. Effect 



S; 



Number of back gears 
m 



2g-l 
s . . 
Logr 






48 



p=v/6v;^(7-6 + j5) 



2P 

Horse-power, GHP 
660 GHP 



Bs 
B=s 



660 GHP 



2PV, 



13 In. 
152 



16 

0-116 
1-308 
6-883 

7-63 

37-6 
75 



24 

0076 
1-189 
8-860 

14-3 

40-6 
81 



B2 148 

00557 ! 0-0868 
1-137 1-088 
2-454 1-809 



19-6 



43 



26-6 



46-2 



86 
3-16 



6-2 j 8 



208 



1-43 



I 



31 1 1-5 I 104 I 0-716 
3-464 



18 in. 
103 



8 



1 2 

2 18 4 

4 
7 
16 24 32 



0-1186 

1-314 

6-768 


00778 

1-196 

3-476 


0-0578 

1-141 

2-619 


7-10 


13-8 


119 


41-4 


44-8 


147-4 


83 


90 


96 



6-3 



11-8 
5-9 



I 



6-6 ] 3-84 



2-8 



I 1-92 
4-24 



48 
008781 
1-091 I 
1-840 ' 

26-1 I 

I ^ 
•ll2 

2-37 

' j 

1-186 . 



,; TABLE 

Table of Belt Widths for Lathes using Garbon Steel. Gone Mounted on Back 

Four Steps on Gone, One^ Ttvo, Three, Four and Five Back Gears. Effect 






48 in. 
38*3 

134*5 



Number of back gears 
w* 

Q 

22-1 

8 



I 16 i 24 

Logr I 1-142 I 00925 

r I 1-1387 1-237 

r«»-> I 9-863 ' 4-44 






P=\/6V/i(7-6 + ^) 



4-87 ! 10-8 



ap 

Horse-power, GHP 
660 GHP 



B 



PV, 



„ 650GHP 



51-6 
103-0 

22 
44 



66-3 



I 
110-6 

I 9-26 
I 18-52 



7 

82 

0-0687 

1171 

3-026 


40 

00646 
1-184 
2-411 


16-86 


20 


58-5 


61-5 
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5-97 

11-94 
6-9 



4* 
9 



48 
00452 
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2072 

23-2 

63-4 
126-8 

3-76 
7-52 



16 
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1-416 

12-76 

3-76 

53-7 
107-4 

31-3 
62-6 



24 

00985 1 
1-254 
4-893 

9-82 1 

57-8 I 
115-6 

11-3 
22-6 



LATHES FOR CARBON STEEL — CONE OFF SPINDLE 



8i 



Xlil 



Slurft. Ro = ^h. Standard Diameter = 2h, Two Gounfershaft Sppeds. Four 
of Increasing Number of Back Gears upon the Belt Width. A = 0^^. 
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1147 1-094 

2-61 1-881 
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101-0 
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26-5 
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16 
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24 
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4 

7 

32 

0064 
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^0 
0051 
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11-9 


17-1 


21 
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52-14 
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67-6 
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104-28 


110-62 
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31-4 



6-95 
13-90 



15-7 
4-66 

9-12 
6 



3J 

7 



I 

48 

00423 

1103 I 

1-977 ' 

24-3 



59-6 
119 2 

2-98 
6-96 



I 



6 
7 
8 
9 
10 
11 

12 
13 



I 14 
15 

16 

17 

I 
18 



XIiI. — continued. 

Shaft. Ro - JT. Standard Diameter = 2A. Two Countershaft Speeds, 

of Increasing Numher of Back Gears upon the Belt Widt/i. A = G^h. 



60 in. 
30-6 










fain. 

•25-4 






1 

2 


183 










242 






8 


3 
4 
4 
7 
82 

0-0731 
1-188 
8-248 


4 
6 

40 

0H)58 
1-143 
2-647 


6 
6 

48 

0-0482 
1-118 
2176 


1 

16 

0-169 
1-442 

12-92 


2 
3 

24 

0-1038 
1-270 
5-828 


s 

4 
7 
32 

0-077 
1194 
3-459 


4 
5 

40 
0061 
1-161 
2-673 


5 
6 

48 

005076 
1-124 
2-2526 


4 
5 
6 
7 
8 
9 
10 
11 


14-75 


19 


22-1 


3-72 


9-02 


13-9 


18 


21-3 


12 


61-2 


64 


66-2 


66-1 


60 


63-4 


66 


68-6 


18 


122*4 


128 


132-4 


112-2 


120 


126-8 


132 


137-2 


14 


28 










26 






15 


7-03 


5J 


4-32 


33 


12-7 


7-8 


6f 


4-7 


16 


14-06 


10* 


8-64 


66 


26-4 


16-6 


n» 


9-4 


17 


7-75 










8-6 






18 
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TABLE 



Tabh of Belt Widths for Lathes tmng Carbon Steel. Cone of Four Sfeps Mounted on a 
of Wheels of Ratio R^ = >J\_ Standard Dinmeter = 2(Ji - V>). Two Counter- 
Width of the Belt. A = Ci Jh. 





liin. 
162 

38 




18 in. 
102 

46 




Number of back gears 
m 

%,-\ : :::::: 

s 


1 
2 

16 

0-1052 
1-275 
6-450 


2 i 8 

3 1 4 
4 

7 

24 32 

00688 0051 

1-171 1-125 

3031 i 2-275 


6 
6 

48 

00336 
1-08 
1-719 


1 

2 

10 

0-111 
1-291 
5-984 


2 8 
8 4 

4 

7 

24 ,32 

00723 0-0537 

1181 1-132 

3-207 2-376 


5 
6 

48 


Logr 

r 


00354 
1085 


r'«-' 


1-769 




8-8 


15-81 21-1 


27-9 


8-2 


15 ' 20-2 


27-2 


TWe^H{T6 + J^ - 


381 


41-3 43-8 


46-8 


42 


46-4 48 


56-5 


2P 


76 


82 87 


98 


84 


91 96 


113 


Horse-power = GHP . . 




8-16 






6-8 




-, 650 GHP 

^= 2PV, • - • 


2i 


li 1 


i 


6 


2* ; IJ 


11 


_ 560 GHP 

B =: -p^-- .... 


5i 


2} 1 2 


li 


10 


1 
6 8} 


2i 


R„ = V;r 




3-464 






4-24 


I 



TABLE 



Table of Belt Widths for Lathes using Carbon Steel. Cone of Four Steps Mounted 
a Fair of Wheels of Ratio Ro= 4/h. Standard Diameter = 2(/i- ^h). Ttro 
Lowest Speed and Width of the Belt A = 6^h. 



k 



48 in. 
88-2 



Number of back gears . | 1 

m •. . . 2 

3 I 

22-1 I 

» I 16 

Logr 0-185 

' 1-365 

I 8-81 



3 
4 
4 

7 



r . . . , 



F^\/^^T5 + J{^ 



2P 

Horse-power = GHP . 

T, 550 GHP 

^ = -2PV7' • • • 



I 5-46 

I 51-8 

,103-6 

I 

I 19! 



24 

0088 
1-225 
4130 


32 

0-0653 
1-162 
2-865 


40 

0-0518 
1-127 
2-804 


11-62 


16-75 


20-8 


55-9 


691 


62 


111-8 


118-2 


124 



8* 



B 



550 GHP 
PV," " 



— 17-0 



5* 

11-2 
6-9 



4-23 

8-5 



48 

0-043 
1104 
2 

24 

63-8 
127-6 



3* 

7-2 



I 16 

I 0147 

' 1-403 

12-68 



I 2 
I 8 
4 
7 

24 
I 0-096 
I 1-247 
4-699 



3-78 10-26 



53-8 
107-6 

I 31 



58-2 

116-4 
23 

lOJ 

I 
21-2 
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XLH 



Back Shaft and Geared to the Spindle at the Highest Speed of the latter by a Pair 
shaft Speeds. Effect of Altering Number of Back Gears vpon the Loicest Speed and 





24 111. 

7e-3 




1 

1 
1 




36 in. 

51 






1 , 
2 




55 




1 




80-5 






3 


1 

2 

16 

0-116 
1-806 
6-486 


1 

2 8 

3 I 4 
4 

7 

24 i 32 

0-0757 0-0662 

1-191 1-189 

8-868 2-474 


6 
6 

48 

0-037 
1-089 
1-816 


1 1 

2 

1X6 
0-127 
1-340 
7-746 


1 2 
. 3 

24 

0-088 
1-211 
3-811 


4 

7 
82 

00616 
1-162 
2-695 


40 
0-049 
1119 
2-203 


5 
6 

48 

0-0406 
1-097 
1-921 


4 
5 
6 
7 
8 
9 
10 
11 


7-41 


14-16 19-4 


26-4 


6-2 


12-6 


17-8 


21-8 


26-0 


12 


44-6 


48-8 , 61 


65 


48-7 


62-6 


56-7 


68 


60 


18 


89-2 


96-6 102 
9-7 


110 


97-4 


105-2 


111-4 
15-7 


116 


120 


14 
16 


8 


4 1 8| 


8 


14| 


6* 


4| 


84 


8 


16 


16-2 


7-8 1 6-4 


3-66 


28-6 


13-0 


8-74 


6-8 


5-8 1 


17 




4-9 








6 






18 



'XISLl.^coniinued. 



on a Back Shaft and Geared to the Spindle at the Highest Speed of the latter by 
Countershaft Speeds, Effect of Altering Number of Back Gears upon the 





60 in. 
36-6 










72 in. 

25*4 






1 
2 




160 










215 






3 




3 
4 

32 
0-714 
1-179 
8-161 


7 
40 

00566 
1139 
2-486 


5 
6 

48 

0-047 
1-114 
2*138 


1 
2 

16 

0-166 
1-429 

12-83 


1 2 

1 s 

24 

0-1015 
1-263 
6-136 


8 

4 

4 

7 
32 

00766 
1190 
8-373 


4 
5 

40 
C-06 
1-148 
2-68 


6 
6 

48 

00496 
1-121 
2-224 


4 
5 
6 
7 
8 
9 
10 
11 




16-2 


19-8 


22-6 


3-74 


9-83 


14-2 


18-2 


21-6 


12 




61-6 


64-5 


66-6 


56-1 


60 


63-6 


66-5 


68-8 


13 




123-0 


129 
28 


133-0 


112-2 


120 


127-0 
25 


133 


187-6 


14 
16 




ei 


6-09 


4* 


Wi 


18i 


7i 


6-7 


4J 


16 




13-6 


10 


8-4 




24-6 


16-30 


11-4 


9-26 


17 




7-76 










8-6 






18 
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For lathes from about 26 in. to 42 in. height of centres the belt widths 
allowed in practice agree tolerably well with the values correctly calculated 
for two back gears. 

From 42 in. to 60 in. centres the ordinary belt widths are too small 
for two back gears ; but too great, when compared with our calculated sizes, 
for three back gears. At the same time it must be remembered that two or 
even four tools would sometimes be enjployed with such large lathes, and 
this may account for the apparent discrepancy. Each tool would, in that 
case, be taking a good deal less than the standard cut; but it is probable 
that the belt widths usually supplied ai-e unequal to much more than the 



/iatio o^Facep/ote meoi^Pimon diameters. 



keipH 9fcmtrm(m»m cum is en jyMr akufV/^ctrtoatimt 




^^ X JC ^I ^ S4- 61? f6 77 

Height of centres. ii/t mchesj 
Fig. 31. 



Fig. 32. 



equivalent of one tool taking the standard area of cut at the proper speed 
unless the cutting speed is much reduced for two or more tools. 

The effect of increasing the number of double back gears is very marked. 
In the case of a 54-in. lathe, a 10-in. belt is required when there are two 
back gears, a 6i-in. when there are three, and only a 5-in. when there are 
four. The following simple expressions for the belt widths hold within the 
specified limits. They are, of course, merely empirical ; but may be of use in 
practice as giving close approximations to the correct sizes. They are of the 
linear type: — 

B = KA ± I. 



ApproxinuUely correct formulce for belt inidthi for latlies usiTig carbon steel ; 
cone on back nhaft. Standard diameter = 2h. 4 cone steps. 
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Correct for lathes. 
From 12 in. to 21 in. centres 

From 15 in. to 36 in. centres 

From 36 in. to 66 in. centres 

From 42 in. to 72 in. centres 

In our next chapter the question of a compromise, for general purposes, 
between a lathe for the use of high speed steel for roughing out and one 
using carbon steel for finishing, will be considered. 



No. of 
back gears. 


Formulfle. 


One . 


Two . 


• J^'l-i- 


Three . 


>= = l'+' 


Four . 


• B = 2'o + 2- 



CHAPTER XVI 

COMPKOMISE LATHE — SPEED — CUT AND POWER 

In this chapter we discuss the question of a design of lathe capable of 
meeting the wants of many purchasers who would not feel justified in ordering 
a lathe for the use of high-speed steel exclusively ; but who would desire to 
be able to execute finishing cuts with carbon steel at the slower speeds suit- 
able thereto, and so obtain a more perfect finished surface, whilst at the same 
time the lathe would be supplied with a much greater driving power than 
would be necessary for carbon steel only, so as to permit of moderately heavy 
cuts being taken with high-speed steel for roughing out. 

Highest Spindle Speed for Compromise Lathe (N^). — In the c^ise of purely 

high-speed lathes we gave the formulae — r— and , for small and large 

lathes respectively, as indicating a close approach to the data for N^ obtained 
from practice. The results of these formulse were tabulated in Table XXVL, 
and plotted on Fig. 19 (p. 37, ante), 

SfiOO 
We are now disposed to believe that —7— for all sizes would have been a 

better rule for high-speed lathes, and that the spots from practice in Fig. 19 
for lathes of 18 in. to 72 in. centres more properly represent compromise 
lathes, as having been designed and executed during the recent transition 
stages of practice from the use of carbon to that of high-speed steel. 

At all events, if it be agreed that the high-speed steel lathe is to be 
capable of drilling at the drill manufacturer's recommended speed of 60 ft. 
per minute, and that upon holes as small as A/16 — one-sixteenth of the height 
of centres — then 3600/A becomes the simple and rational rule by which to 
determine the value of the highest spindle speed for any size of high-speed 
lathe {vide Chap. VII., ante). 

For carbon steel latlces the formula recommended was N^ = — v— , just half 

of that obtained for high-speed lathes, so that a finish-boring and drilling 
speed of 30 ft. per minute is obtainable, according to our rule, upon a 

diameter of z-^, and a polishing speed of 120 ft. per minute on a diameter of 

2, on our proposed designs of carbon steel lathe. 

For the compromise lathe it is suggested that this drilling and finish- 
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boring speed be taken at 45 ft. per minute on a diameter of v^ . This would 

2750 
give N"^ = — ,- for the compromise lathe (see Table XLV.). 

Horse-power and Lowest Spindle Speed for Compromise Lathe (N,). — For Ifhvjlx' 
speed lathes the rule we adopted was that the lathe should be able to run 
slowly enough to take the " standard cut " for the given size of lathe, at its 

proper speed; that given, viz. by the formula v = +15. 

a 



Morse P>9wr Speeds Area of Cut 
Off Heiffftt 0/ Car4rej 



too 




s /z a 24- 30 x 41 <f^ s^ eo e$ 72 
HeiffH of Centres (M mcAesj 

Pia. 88. 



For the compromise lathe we propose to adhere to the same standard 



h^ 
6400' 



cut as before, viz. depth, ^ ; width, ^ ^ ; area 

The horse-power to be supplied is clearly a matter for individual judg- 
ment, and for decision in each case upon a consideration of all the circum- 
stances. As a tentative suggestion, we are inclined to offer the opinion that 
the horse-power to be supplied in the compromise lathe should be determined 
by allowing that the standard cut above specified is to be taken at the speed 
given by the formula — 



- = 2a + l^' 



(65) 



The values of this speed for lathes from 6 in. to 6 ft. height of centres are 
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given in Table XLIV. ; and the horse-powers required for each size of lathe. 
They are also plotted in Fig. 33. 

In the samae figure another speed curve is shown, representing the 
speed on the face-plate diameter, corresponding to 15 ft. per minute on 
work of diameter which can be swung over the saddle. One speed curve is 
that which determines the horse-power, the other is that which governs the 
slowest spindle speed. The latter speed varies from 25 ft. per minute on 
small to 17 ft. on large lathes, and this is in accordance with the requirements 
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of practice, inasmuch as the finishing cuts are heavier upon krge than upon 
small sizes of lathe. 

For comparison we give in the annexed Table XLIII., the hoi-se-powers 
required on (a) pure high-speed lathes, (6) ordinary carbon steel lathes, 
alongside of (c) the horse-powers we propose for the compromise lathes. 



TABLE XLin 
Horse-powers for Htyh-spneJ, Carhon, mid Compromise Lathes. 



Height of centres . 



(a) High-speed steel 
(&) Carbon steel . . 
(c) Compromise . . 



6 in. I 12 in. 18 in. I 24 in. 



8-4 

0-86 

4-6 



10-4 18-7 
8-2 6-8 
6-6 10 



I 18-8 

1 1<> 

I 14} 



80 in. 


36 in. 


48 in. 


60 in. 


72 in. 


24 


81-4 


50 


! 74 


102 


18 


16 


20 


1 23 


25 


20 


28 


46 


70 


100 
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90 LATHE DESIGN 

The horse-power for the compromise lathe varies from being one-half of 
to equality with that assumed for the high-speed steel lathe. 

With regard to tl^e lowest spindle speed required on the compromise lathe, 
we are disposed to recommend that the slowest speed of spindle demanded 
be such as to enable finishing at 15 ft. per minute to be done upon work of 
diameter (2/i — \/A), i.e. work which can be swung over the saddle. 

For carbon steel lathes a reference to Table XXXVI. — p. 69 — will show 
that much lower speeds than this are supplied for the larger sizes of lathe, 
e.g, the speed varies from 20 ft. for a 6-in. lathe down to 4 ft. per minute for 
a 72 -in. lathe. Such slow speeds can hardly be contemplated in lathes of 
the compromise variety. 

If the above cutting or finishing speed be accepted for all sizes of lathe, 
we have the following formula for N, 

^ _^ 12 X 15 _ 28-7 ,..^ 

^'~7rX2(A-v/A)T:r^ ^^""^ 

This quantity is tabulated in Table XLV., as also the values of N, (and of 

=^' j , as above determined. They have also been plotted on a base of height 

of centi-es in Fig. 34. On this figure are also shown values of N, and N, for 
a number of what may properly be called compromise lathes, as obtained 
from recent practice. 



CHAPTER XVII 

COMPROMISE LATHE — THE BELT— CONE ON SPINDLE 

In the present chapter we propose to calculate the belt widths for a few 
typical cases of the compromise lathe, and to compare the results with those 
for high-speed steel and for carbon-steel lathes. 

Compromise Lafhe, Cone on Spindle. — We shall begin by working out the 
case of a lathe of, say, 12 in. height of centres, having the cone mounted on 
the spindle, to which it is coupled direct for the highest speeds of the latter. 

The values of N, = ?^ = -J|^ = 229 

of N, = --2^\. =3-30 

and of ^ = 68-2 

have been already given in Table XLV., p. 89. 

If we take p = 2, i.e. two speeds of the countershaft ; j = 4, i.e. four 
cone steps ; and m = 3, i.e. two back gears (or three different ways in which 
the cone may be coupled to the spindle) ; we have 8 = pqm = 24, or there 
are twenty-four different possible speeds of the spindle. 



Hence, r is known from 


- = k; 


Thus we have 




and in this case 


log r = log ^11 = 00797 


or 


r = 1-201 



As for Case I., on p. 50, ante, we have 



*' ~ 60 X 12 ~ 12 X 60>-' ^ ^ 



2750 
Now, taking A = 2A and N, = - r-, we obtain 



X 2/t X 2750^ _ 24 
< 60 X A X »*'' ~ »*-' 

It is therefore necessary to tabulate values of r*" " ' in order to compute * 



„ _ irX'ZhX 2750^ _ 24 .. 

^' ~ 12 X 60 X A X »*'' ~ »*-' ^ ^ 
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V,, that speed of the belt when the pull upon it is greatest, and for which it must 

be designed. 

Now log i*"^ = (2^' — l)log r 

= (2 x4- 1) X 00797 

= 0-5579 

Therefore r^-^ = 3-613 

24 
and V, = Q.7>yo = 604 ft per second 

Now the allowable tension, according to Gehrckens, as given for a double 
belt by equation 37, p. 48, is 

= \/2A X 8-2 = \/24 X 8 2 
= 39-95 lb. per inch of width 

If we allow double of this, or 80 lb., for the allowable tension per inch of 
width as being in better agreement with English practice, we finally obtain 
the required width of belt B from the expression 

550GHP 
" 2L»V; 

The value of GHP for the " compromise lathe " may be taken from 
Table XLIII. or XLIV. (Chap. XVI.), and is 6-52 for a 12 in. lathe. 

In Table XLVI , annexed, we have presented the results of similar 
calculations for lathes from 6 in. to 24 in. height of centres, and for the 
various numbers of double-back gears and cone steps specified in lines five 
and seven. The countershaft has two speeds throughout. The belt widths, 
given in line sixteen, are the least values that should be taken, being based 
upon an effective belt tension of double that recommended by Grehrckens for 
belts which drive continuously. 

The values of B, the belt width, thus obtained, have been shown as 
continuous curves on a base of height of centres in Fig. 35. The marked 
effect of increasing the number of back gears in decreasing the belt width 
for any given size of lathe is again clearly shown. The dot and ring spots 
plotted in the same figure give the most recent results from practice. 

This figure reveals at once how defective the belt drives ordinarily supplied 
are, for lathes of the compromise variety, when the cone is mounted on the 
spindle and drives it directly for the highest speeds. E\)en with three double 
back gears the sizes of belt ordinarily used on lathes from 6 in. to 10 in. 
centres would not be sufficient ; and as three back gears are quite unusual 
on lathes below 18 in. centres, it is manifest that the sizes given for 12 in. 
to 18 in. centre lathes are also too small. 

Tlie belt widths plotted from practice seem to follow some such law as 

B = ?(A + 3) 
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but if this rule is used it must be rememloered that the belt so designed 
cannot transmit the power required by our Table XLIV., wnXess the cone is 
run at a mtich higher speed than that to which it is limited by being coupled 
to the spindle directly for the highest speeds, unless, that is, a pair of wheels 
is supplied between cone and spindle. 

It may be remarked that throughout the above calculations the diameter 
of the largest cone step has been taken — A = 2A — equal to twice the height 



Diameter of greatest A least cone step and width 
of step (when cone is mounted on the spindle) with 
height of centres. 



c 



3 

I 




e n i9 M 

Height of centres! in inches.) 



c 






PiQ. 86. 



of centres. The validity of this rule is shown by the black dots plotted 
in Fig. 35, as they represent the values of the diameters of the largest cone 
steps from recent practice. 

We may now institute a comparison between the belts required on a 
12-in. centre lathe for high-speed steel, for carbon steel, and for both, as per 
compromise design just referred to. 

Referring to Tables XXX. (a and 6) and to Table XXXVIII., we may 
extract the data and results for the two former varieties for a 12-in. lathe, 
whilst in Table XLVI. we have the particulars for the compromise. 
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Collecting them together they stand thus — 

Comparison of Belt Drives for different Tij'pes of 12-tn. Lathe. Cone on Spiyidle, 

Two Countershaft Speeds, 

- ^ - - — ^ - 

Type High-speed steel. Carbon steel. ! Compromise type. 

Table number XXX. ! XXXVni. XLVI. 



Horse-power 10-4 , 316 652 

N-andN, 

N, * • : 

Number of cone steps 
Number of back gears 

Number of speedR . . . . , 24 82 24 32 24 82 

r I 1160 1-116 1189 1*137 1201 1147 

rSw-» 2-823 2168 3-360 2-468 3-613 2696 

V, 10-6 13-9 41 6-7 664 9-26 

2P 84 88 73 78 i 82 82 

B (double) ej in. 4nn. 6J in. 4} in. 6} in. 4| in. 



300 and 9-9 I 152 and 2*87 229 and 3- J 

30-3 t 63-3 68-2 

I 
4 4 4 

2 3 2 3 2 3 



24 in. 24 in. ' 21 in. 21 in. | 24 in. 24 in. 



The comparative results shown by thio table may at first sight appear 
surprising. We find, for example — 

(1) The lathe for carbon steel requires a width of belt almost as large 
for its 3-16 GHP as does the high-speed steel lathe for its 104 GHP ! This 
is accounted for by the higher belt speed obtainable — when pulling the 
heaviest cut — in the latter than in the former case. The ratio of greatest 
to least spindle speed is much smaller for the high-speed than for the slow- 
speed lathe, and the number of spindle speeds being the same, r and 7*"^ is 
much smaller and V, is much greater for the former than for the latter. 
The difference is only in very small measure due to the different belt tensions 
allowed. 

(2) The compromise lathe requires a heavier belt than either of the 
others, because the range of possible spindle speeds and their ratio is greater ; 
thus, with the same number of speeds, V, is not much greater than for the 
carbon steel lathes, whilst the horse-power to be transmitted is more than 
double what they require. 

As against the high--speed steel lathe the belt speed is reduced for the 
compromise lathe in a greater ratio than the horse-power is, consequently a 
wider belt is required. 

One thing is clear from these results ; and that is, that in lathes of this 
size, with cones mounted on the spindle, the belts, as now ordinarily 
supplied, with from one-half to two-thirds of these calculated widths are 
quite incapable of transmitting the power really required, unless they are 
strained so much beyond their safe working load as to be subject to frequent 
repairs and renewals. The purchaser's bill for stoppages in such lathes will 
be a large one, and he would do better to buy a lathe with a belt of the 
proper width to begin with. 



CHAPTER XVIII 

COMPROMISE LATHK— THE BELT — CONE OFF SPINDLE 

Compromite Lafhe, Cone off Spindle.— We may now take up the case of a 

larger size of lathe— say, one of 18 in, height of centres, of the " compromise " 

type, in which the cone is mounted on a back shaft, and a pair of wheels is 

interposed between it and the spindle; 

N 
The values of N,, N„ and -^ are those given in Table XLV. If we again 

take ^ = 2, </ = 4, and m = 3, we have s = pqm = 24. 

Since— from Table XLV.— "^ is 736, for * = 18 in., we have 

log r = log -^1^^ = 008116 

r = 1-206 

Again we have, as in equation (45), p. 54, ante 

V - TrAli^Tiig .... 

'" 12 X60 xr*'-' ^ ^ 

in which r^~^ is known, being here equal to 3701 ; N^ is known, being equal 
to 153 ; and we have only to fix upon the values of A and E,. We shall 
take A s 6\/A for the diameter of the largest cone step, as this is the 
greatest diameter which is constructionally convenient The spur and pinion 
(giving the "single-gear" ratio E,) get to be too large if A is taken equal to 
2h, as in the last example. We shall also take Eo =-\/h, as was done before 
for carbon steel lathes (Case II., p. 7l»)- 

Kg. 36 gives evidence that our rule for A (= 6 VA) is supported by 
recent practice (see curve drawn through full black dots). 

We then have 

^ _ IT X 6\/i^x^\/A X 2750 _ 72^ ^ 

'" 720X7^'xh -^-1 • • • • ^^O 

= q^^qv = 19*45, for this case 

The allowable belt tension P = \/ A (75 +j^) is here P = ^/25-4 
(7-5 + 1-945) = 504 x 95 = 47J ; and 2P = 95, say. 

Hence B = ^^gp^** = 550 X ^'^^ x 1945 = 2-92, or. say, 3 in. 
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In Table XLVII. the results of similar calculations for lathes from 12 in. 
to 72 in. height of centres are given for various values of q and (m — 1). The 
countershaft has two speeds throughout 

The belt widths so obtained (see line 17) are the least values which 
should be taken^ as the belt tension allowed is very high, considering the 
low belt speeds available. 

These values are plotted as continuous curves, one for each value of the 

Diameter oF greatest Md least cone step and width of step 
with height oF centres (when cone is on side shaFtJ 





■"" 














•/ 




f7 


















1 






&r 
















h 


^/ 




?/ 




















;/ 


' < 


>A 


^ 


1 








1 






L 


A 


7 


i 


^y 


/ 


e 

i 












i 


V 


\ 


/, 


/ 


/j 


f 


0. 
• 














) 


/ 


f y 


y 




€0 






4 


1 i 




) r 


{ 


\T 




/ 


r 




1^ 






f/. 


r ' 










^ 






z 

•0 50 






./ 




>— T^ 


j 












s 






i 


fW~ 


1 




1 




4* 


il^ 


>^ 




i 

S 40 


.../ 


^i 


I 




1 




J 




> 


1^ 






01 


s 


f^ 


', 


1 






VI 


t < 


1 




1 






1 








/ 


^ 




f 


' 1 












«... 


J 


< 


w- 




> 












Q 

to 






f 


1* ' 


^ 1 


to 


i 1 


1 
















1 


< 

1 


t 




' 


^ ! 


1 ' 








to 




• 


< 




* i 


\ 


















09 


















































€ ? 
« 






tf tZ 19 I* 30 3$ 4-2 ^ 54- €0 66 72 

• ^. y^^ 4^49 "•'^*'^ "^ tMXxt% (in indies) 
o OtsotdeUomsttp 

Pig. 86. 

munber of back gears, in Fig. 36, whilst the dot and ring spots give data 
collected from practice. 

It will be found that the expression 

B = 1 + VA (68) 

gives widths of belt which agree with the average values of practice (virf« 
dotted curve in figure). This formula will only give a belt suflBciently 
strong to transmit the horse-power we have postulated, provided that the 
number of back gears be fixed according to the law 



number of back gears = (^ — 1) = j-o 



(69) 



(The rule for carbon steel lathes usually adopted in practice is 
(m - 1) = A/12. The number of back gears is A/12.) 

H 
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The foUowing Table (XLVIII.) gives the belt widths from Table XLVII. 
in a collected form, and shows their dependence npon both size of lathe 
and number of back gears in a convenient form. 



TABLE XLVni 



Belt Widths selected from Table XLVII. for Gompromise Lathes mth Com off 
Spifidky Two Countershaft Speeds, and Three or Four Cone Steps. 



h= 


12 


18 


24 


86 


« 


60 


72 


;m.i 


One back gear . . . 


4i 


6 


8 













1 


Two „ ... 


2 


8 


4 


7 


^2* 








2 


Three „ ... 


— 


— 


2f 


^ 


6} 


lOJ 





1 3 


Four „ ... 


— 


— 




3i 


6i 


7f 


10* 


' 4 


Five „ ... 


— 


— 


— 


3 


4i 


6f 


9 


1 ^ 


Six „ ... 




— 


— 






6i 


81 


6 



A simple and roughly correct formula for the belt widths of these 
compromise lathes, with cone off spindle, is found to be 

B = ~GHP (70) 

where i = number of tools taking standard cut; 

^ = (m - 1) = number of compound gears supplied ; 

/ h^\ 

GHP = (3-9 + ^ j = gross horse-power required. 

A still better approximation is obtained by writing 

= -4('-^ro) (") 

We may usefully inquire what the highest countershaft speeds will be, 
and what speeds through the air the main shaft-countershaft belt will have, 
when we use the rules Bo = ^h, A = 6^/h, and N^ = 2750/7*, as we have just 
been doing. 

We have obviously (see Fig. 37) 



or 
i,e. 



ei = 



- RA _ \/h XJ750 _ 2750 



r^g-i r^9 I X h \/hr*J^ 



Now, throughout Table XLVII., for « = 24 we may take r constant 
= 1-2, and with y = 4, rV^-T = 1-317. 

2088 



Therefore 



Cl = 



n/S 
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But if X is the diameter of the smaller countershaft pulley, and U is the 
main-belt speed in feet per minute, we have, taking X = 5y^A 



^ ^ VA^i ^ 5\/A7r ^ 2088 ^ 5 x 20887r 
12 12 v/A 12 



= 2730 ft. per minute, constant 
far all sizes of lathe 



With Z =: 48 in., we shall have u = 



2730 
47r 



= 218 ; i.e. the main-shaft 



speed being 218 revolutions per minute, 4-ft. diameter main driving pulleys 
will be required to give the belt this constant speed for any size of lathe. 



\ 



N 



L Y Y 




Fio. 37. 

Compromise Lathe, Cone off Spindle, One Countershaft Speed. — If, for the 
larger sizes of lathe, only one counterslwft speed is to be supplied, we proceed as 
follows : — 

N, and N, are as before. Taking eff.h = 36", jp = 1, j = 5, (m - 1) = 4, we 

N 
have s = pqm = 1x5x5 = 25 speeds. ;j^'' = 80. Therefore r = 1-2. 

E 
Now, if c is the countershaft speed, we have ni = c-^ and 7i,^ = 'RJSg 

A 



= c 



E 
therefore w, = ^_/ 



for 



A ?-J 
E ^ 



^ V - ^AV:]^ - -n-AR^^ _ TT X 6 \ /h\/h X 2750 _ 72 ^^^ 

^^^ ^' ~ 60 X 12 "" 7260.^-^ ■" 7207- ^A ■" 7^-' • ^ ^ 
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In the present case ?•»-' = 2078; therefore V, = 34*7. The allowable 
tension is 66-6 and 2P = 130. 



Hence 
or 



B = 



550 GHP 550 x 27-65 



2PV, 
B = 3^ in. 



130 X 66-6 



Table XLIX. gives similarly obtained values for lathes of 3 ft., 4 ft., 5 ft., 
and 6 ft. centres. 



TABLE XLIX 



Compromise Lathes, Belt Widths as in Table XLVIL, but with One Countershaft 

Speed only. 



N -?™ 
N, =■ 



i-H^-a, ■ ■■ 

Number of back gears. . . . 

VI = number of ways of couplingl 
to spindle j 

g = number of cone steps . . . 
8 = number of speeds .... 



4 

5 

5 

25 



Logr = 



log 



N,_ 



86 
76-4 

0-966 

80 

i 6 

6 
'30 



V, = 



72 



P= ^6^^7-6 + 01 V,) . 
2P 



GHP. 



00794 00656 
1-2 I 1163 
2-078 I 1-83 
34-7 |39-4 
66-6 i68-6 
130 
27-66 



B = 



650 GHP 



2PV, 
= to nearest } 

A = 6^;i . . 



3-37 


2-97 


4-3 


3-93 


8i 


3 


4i 


4 


6 


6-93 


3 


6 


41 


6 




0-0438 



In conclusion we may institute a comparison between high-speed, low- 
speed, and compromise lathes, cone off spindle, similar to what was made for 
cone on spindle. 

The results of the comparison lead to remarks of a very similar character 
to those made about cases in which the cone was mounted on the spindle. 
These may be said to hold almost in their entirety, mutatis mutandis, with 
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regard also to lathes with cones mounted on a back shaft, as represented by 
the annexed table : — 



Comparison of Belt Drives for Three Ttjpes of 18-»/i. Lathe. Com off Spindle. 
Two Countershaft Speeds. 



Type . . 
From Table 



Horse-power . . 
N«andN, . . . 

N, 

Number of steps . 
Nmnber of gears . 
Nunber of speeds . 

r 

i*r-^ 

V, 

2P 

B 

A 



R. 



For high-speed steel. 

xxxn. 



18-7 
aOO and 8-9 

51-8 



2 


8 


24 


82 


1-187 


1-188 


3-823 


2-896 


24 


80 


120 


120 


Sin. 


2Jm. 



81} in. 



8-75 



8-64 



For carbon steel. 
XLI. 



102 and 1*7 



60 



2 

24 
1-195 
3-476 

14 

90 
2Jin. 



8 

82 

1-141 

2-519 

19 

95 

2 in. 

in. 



4-24 



Compromise. 
XL VI. 



10 
153 and 21 



78 



2 

24 

1-206 

8-701 

20 

96 

8 in. 



3 

32 
1-149 
2-688 

28 

106 
2 in. 



4-24 



The small belt width by means of which the required power can be 
obtained for this size of lathe, when the cone is mounted upon a back shafts 
is clearly brought out by the comparison of this table with the corresponding 
one presented in Chapter XVII. 



CHAPTER XIX 



THE FAST HEADSTOCK, GEAE ARRANGEMENTS, CONE ON SPINDLE 

We propose now to describe the principal designs of geared headstock driven 
by a cone mounted on the spindle which are in recent common use. We 
begin with Type L, the most usual arrangement for small lathes — that shown 
in Fig. 38. Here the cone and the pinion A are mounted together on a 

sleeve which runs freely on 
the spindle, but which is 
also capable of being locked 
to it. The wheels B and C 
are keyed upon a sleeve ex- 
centrically mounted upon a 
back shaft, and are put into 
and out of gear by rotating 
the shaft. Sometimes the 
wheels are keyed upon the 
back shaft itself, and are 
shifted along it to be put in 
and out of gear. This method 
requires a longer headstock 
than the other, and is there- 
fore not * so common. The 
front driving wheel D is keyed to the spindle. It also carries a lock bolt, and 
a recess in a flange on the end of the cone is made to receive the same. When 
the wheels B and C are out of gear, and the wheel D is locked to the cone, 
the spindle is driven directly by it, and has as many direct-driven speeds as 
there are cone steps. When the lock bolt is freed from the cone and the drive 
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A C 

is through the back gear, the gear ratio is obviously - ^ -- 



and there are as 



B D' 

many back-gear speeds as there are cone steps for each countershaft speed. 

A clutch frequently takes the place of the lock bolt. It is usually a 
claw coupling keyed to the spindle and sliding along it so as to gear into 
either the cone or the wheel D, accordiug as it is desired to run direct or 
through the back gear. This arrangement, though more expensive than the 
lock bolt, is much more convenient, and is also safer. In the case of lathes 
with headstocks of Type I., the total number of spindle speeds is twice the 
number of cone steps for each countershaft speed, or mpq = 2pq; where p 
and q are the numbers of countershaft speeds and cone steps respectively, and 
m is the number of different ways the cone can be coupled to the spindle. 
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Type II. — In Fig. 39 an arrangement is shown quite similar to that of 
Fig. 38, but with the provision of two back gears instead of one. This is 
simply effected by securing an additional pinion E on the cone sleeve, and a 
wheel — of equal size in the 
illustration — F on the back 
sleeve. We then have the 
two double-gear ratios — 

EC , A C 
pX5,andgXg 

The number of spindle speeds 
is three times the number of 
cone steps for every coun- 
termotion speed. For fqm 
= j?2 X 3, as there are three 
different ways in which the 
cone can be coupled to the 
spindle. 

Type III. — In order to reduce the torque on the spindle, the front driving 
wheel is frequently combined with the face-plate. Such an arrangement is 
shown in Fig. 40, where the gears are otherwise exactly as described for 
Type IL The wheels B, F and C slide upon feathers on the back shaft 
for the purpose of engagement or disengagement. The number of spindle 
speeds is here again Spj. In some examples of this type the pinion and 
wheel A and B are brought to the front of the cone. (See Th& Engineer, 
"Machine Tool Supplement," November 4, 1904, high-speed lathe, by 
Jos. Buckton and Co.) 

An additional back gear 
can obviously be obtained for 
every pair of wheels added to 
the tail end of the headstock 
similar to A, B and E, F of 
Fig. 40. Such a plan is, how- 
ever» seldom resorted to, as 
the headstock becomes unduly 
long and the wheels are not 
employed to the best advan- 
tage, a larger number of gears 
being obtainable with the same 
number of pairs of wheels if 
arranged differently. Such a 
preferable arrangement is 
shown in — 

Type IV., and is pictured in Fig. 41. To obtain three double gears in 
the same way as two were provided in Types II. and III. four pairs of wheels 
would be necessary. If, however, the four pairs of wheels be fitted as shown 
in Fig. 41, four double back gears may be secured instead of three. Here A 
and E are fixed to the cone sleeve, whilst H is keyed to the spindle. Thus 
the drive may be through A, B, G, H, or E, F, G, H. But by withdrawing 
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G to the right and putting C in gear with the face-plate wheel D we obtain 
two new drives, viz. A, B, C, D, and E, F, C, D. 

When two pinions such as C and G are to slide together, so that one goes 
into whilst the other goes out of gear, if the numbers of teeth in the two 

wheels with which they gear 
be not commensurable, the 
width of two wheels plus 
clearance must be allowed. 
Otherwise much time may 
be lost in bringing the space 
of the wheel opposite the 
tooth of its pinion. With 
an excentric sleeve arrange- 
ment on the back shaft this 
point need not be considered. 
All the gears should be 
interlocking to prevent ac- 
cidents. The added conveni- 
ence in handling and the 
removal of the possibility of the lathe standing for several days whilst a 
broken gear is being replaced wiU much more than repay the additional 
thought required in the designing-room and the extra expense in manufacture. 
The running of wheels idle should be avoided. Some makers apparently 
think this a matter of small importance ; but there is needless wear, expendi- 
ture of power, and noise. As has been already insisted upon, the cone, even 

when mounted on the spindle, 
should never be coupled di- 
rectly to it, but only through 
the intermediary of one or 
more pair of wheels. An ar- 
rangement of this kind by 
Messrs. Herbert, of Coventry, 
was illustrated in Fig. 2 of 
The Engineer Supplement, 
November 4, 1904. 

Type V. — Fig. 42 shows a 
common way of obtaining a 
double and treble back gear. 
By a treble gear is meant 
one in which the velocity 
ratio is increased in three steps, 
or by the interposition of three 
pairs of wheels between cone 
and spindle. Thus, in the pre- 
sent example, C being drawn 
out of gear with D, and E slid into gear with F, we have the gear ratio 

the idle wheel F being merely inserted to give the spindle the 

proper direction of rotation. To run in double gear, C is put into and E out 
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B G K' 
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Fig. 48. 



of gear with their respective wheels, and the drive is through A, B, C, D ; 
D being keyed to the spindle, and pinion H withdrawn. 

This arrangement has the bad feature, in common with previously 
described types, that when running direct the cone is locked to D ; so that 
the belt speed is limited to 
that due to the relatively 
small number of revolutions 
per minute permissible for 
the lathe spindle, and the belt 
becomes unmanageably wide 
for high-speed steel. The 
necessity of inserting the idle 
wheel F is also reprehensible. 
It has usually to be of small 
diameter to enable pinion H 
to mesh with wheel K, whilst 
at the same time obtaining 
the proper ratio between 
wheels E and G ; and being 
both a driving and a driven 
wheel, it is liable to excessive 
wear and irr^ular motion. 

Being also usually overhung, it wears bell-mouthed, and very soon wobbles 
most objectionably. Another way of obtaining the necessary change of direction 
of rotation for a treble back gear is to have a crossed belt to the countershaft. 
This is unusual in this class of lathe, which is generally provided with two 
countermotion speeds. The 
addition of a third set of 
pulleys would make a some- 
what cumbrous arrangement. 

Some continental makers 
place the intermediate wheel 
between H and K, and give 
the shaft carrying it a bearing 
in both cheeks of the head- 
stock. The irregularity of 
motion is, however, then 
liable to be even more pro- 
nounced, as the pitch is 
coarser the slower the speed 
of revolution. 

Type VI.— Fig. 43 shows 
such an arrangement as car- 
ried out by a German firm. 

It gives the same number of speeds — viz. 3^j — as Type No. V., but 
with wheels fewer in number by two. The cone is locked to the spindle 
when running direct. When running double gear A drives B, and C is made 
to gear with D, G being withdrawn. When running treble gear — as shown — 
A drives B, C drives E, and F, through the idle wheel G, drives D. 




Fig. 44. 
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Type VII. — Fig. 44 shows a recent German patented arrangement of 
double and treble geared headstock. 

An independent plate keyed to the spindle is placed between the cone 
and the wheel D, both of which run loose on the spindle. The arrangement 

is such that, (1) either the 
cone, or (2) D, can be locked 
to the plate, or (3) the cone 
and wheel D can be locked 
together, leaving the plate and 
spindle to run at a different 
speed, or (4) D can run free of 
both cone and lock-plate. To 
run direct the cone is locked 
to the plate, and £ and F are 
then disengaged by means of 
two excentric bushes coupled 
together by the handle H. For 
driving through the first double 
gear A, B, C, and D, the plate 
and wheel D are locked to- 
gether, the cone being free. 
To run through a second double 
gear, the cone and D are con- 
nected together — without the plate being fastened to them — and the drive is 
D, E, F, and G; the wheels B and C being thrown out of gear by an 
excentric shaft arrangement. When running treble gear D is freed from 
both cone and lock-plate, and A drives B ; C, through the intermediate D, 
drives E, and F drives G. Number of spindle speeds is 4py. 

By superposing Types II. and VII., i.e. by adding another pair of wheels 

at the tail end of the cone, 
three double and two treble 
gears may be obtained with 
nine wheels ; and the number 
of speeds will be 6pg. 

Type VIII.— To get rid 
of the troubles arising from 
intermediate wheels, it is 
usual to make the face-plate 
internally geared, and so to 
obtain the proper direction 
of rotation of the spindle. 
Fig. 45 shows such an ar- 
rangement. 

When running single 
geared, B is disengaged by 
an excentric shaft, F is 
withdrawn, and the cone is locked to the spindle. 

When running double geared, A drives B, and C is made to gear with D, 
F being drawn out. 
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When running treble geared, A drives B, C drives E, and F drives G ; 
the cone being free. 

Internal gears work, as is well known, more smoothly than externally 
geared wheels, but are somewhat more expensive to cut. 

Type IX. — Kg. 46 shows a similar arrangement to Fig. 45, and bears the 
same relation to Type VIII. as Type II. does to Type I. By fitting another 
pair of wheels at the tail end of the cone, two double and two treble gears are 
secured. Thus we have: (1) A, B, 0, D; (2) H, I, C, D; (3) A, B, C, E, 
F, G; and (4) H, I, C, E, F, G. Number of spindle speeds, 5pj. 

Type X. — Fig. 47 shows the arrangement of gearing in a recent German 
lathe, which is intended to use high-speed steels for roughing cuts, and to 
finish with ordinary carbon steels 
at slow speed. It allows of one 
double and one treble gear without 
the face-plate wheel ; and one double 
and two treble gears with the face 
plate. A locking plate is provided 
between cone and wheel D, similar 
to what has been already described 
under Type VII. 

D is free on the spindle, but 
can be locked to the cone or the 
driving plate. Wheel B and the 
clutch are keyed upon a sleeve 
running freely upon an excentric 
shaft ; H and C are mounted freely 
on the same sleeve; whilst J, E, 
and F are keyed to the face-plate 
pinion shaft, being, however, free to 
slide along the same. 

The drives obtainable are then as follows : — 

(1) Double gear through D and spindle: A, B, C, D. 
with C, and E withdrawn to the left. D locked to plate. 

(2) Treble gear through spindle: A, B, H, J, E, C, D. 
with H ; D locked to plate. 

(3) Double gear through face-plate wheel : D, C, E, F, G, 
the wheel D is locked to the cone, but is free from the plate. 

(4) Treble gear through face plate: A, B, H, J, F, G. D being 
free of both cone and driving plate ; clutch engaged with H, and E with- 
drawn. 

(5) Second treble gear through face plate : A, B, C, E, F, G. D is freed 
from both cone and driving plate, and the clutch is in gear with 0. 

A careful examination of this arrangement seems to indicate that it is 
impossible to get all the speeds in continued geometrical progression. 
Whatever values are taken for the gear ratios, a gap in the curve of speeds 
seems to be inevitable. It is also bad practice to drive from wheel to pinion, 
as the speed of revolution is increased only to be again diminished. 

Type XI. is only a slight modification of Type IX. If another pinion be 
added to the back shaft, and a mating wheel on the treble gear shaft in 




Clutch engaged 
Clutch geared 
In this case 
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Fig. 46, we obtain the arrangement of Fig. 48. In this case two double and 
four treble gears can be obtained without using D as a driver. 




Fig. 48. 



Type XII. — Fig. 49 shows an arrangement frequently used for double- and 
treble-geared lathes, the internally geared spur wheel being mounted on the 




Fig. 49. 



treble-gear shaft. In this way two double and two treble gears are secured 
as thus:— 
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(1) First double gear, I, J, C, D. 

(2) Second double gear, A, B, C, D. 

(3) First treble gear, I, J, E, F, G, H. 

(4) Second treble gear, A, B, E, F, G, H. 

A disadvantage of this plan is that as the wheel F must of necessity be 
overhung, the treble gear shaft is of unusual length, and to be able to 
transmit the whole torque without undue twist it must be made very stiff. 



CHAPTER XX 



THE FAST HEADSTOCK — GEAR ARRANGEMENTS— CONE OFF SPINDLE 

In our last chapter all the gear arrangements we illustrated had the objection- 
able feature that the cone was mounted upon the spindle, and was capable of 
being directly coupled to it when the highest spindle speeds are required. 

In the present number we proceed to consider cases where at least one 
pair of wheels is interposed always between cone and spindle. The effect of 
this is that a much higher belt speed, and therefore a much lighter belt, can 
be used; or, for any given width of belt, the lathe becomes much more 
powerful. 

If we revert to the figures of our last chapter, it is clear that all the types 
considered may be described in the simplest terms by saying that they consist 

essentially of one or more 
double gears, one or more 
treble, combined with one or 
more double gears, and so on. 
In the present case, therefore, 
we ought to be able to present 
a cone-off spindle arrange- 
ment corresponding to every 
type of cone-on spindle gear 
shown there, by simply inter- 
posing a pair of wheels, of 
ratio E^, anywhere between 
the cone and the spindle ; and, 
further, that by having a reverted train of two, or any even number of, pairs 
of wheels the cone may even be mounted on the spindle, provided that for 
driving purposes it cannot be directly coupled to it. As an instance, we 
may refer to Rg. 41. In that type, if the wheel H be coupled to the 
cone and free on the spindle for the highest spindle speed, the cone revo- 
lutions will be greater than the spindle revolutions in the proportion of a 

ratio Ho = n, assuming H and G are equal. 

Considering first types I. to IV., which comprise headstocks with one or 

more double gears only, we may present the arrangements shown in Figs. 50 

A B 

and 51, in which, by the interposition of gears ^, ratio - = E^ between cone 

and spindle, we obtain from Type I. one single and one treble gear. 

In Fig. 50— a detailed arrangement similar to which was illustrated in 




Fig. 60. 
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The Engineer Supplement of November 4, 1904, as made by the Miley 
Machine Tool Co. — the cone pulley and pinion A revolve in one piece on the 
back shaft, whilst the wheel B, pinion C, and clutch G are keyed to a sleeve 
rotating freely on the spindle. The clutch G is free to slide along the sleeve 
and engage with the wheel F, as when running in single gear. 1) and E are 
fixed to a sleeve which runs 
freely upon an excentric 
back shaft, so that they can 
be thrown out of gear with 
C and F when the clutch 
is in. For running treble 
geared the clutch is with- 
drawn, D and E are engaged 
with C and F, and the drive 
is through A, B, C, D, E, 
and F. « = mpq = 2 X pq. 

Fig. 51 shows a design 
that gives the same number 
of spindle speeds, with one 
single and one treble gear, 
the only difTerence being 

that the single-gear wheels are placed at the face-plate end instead of 
the cone end of the train of wheels. The cone, pinion and locking plate 
G freely revolve as one piece upon the side shaft, whilst the wheel F and 
pinion A are keyed to it. D and E are keyed upon a sleeve running freely 
upon an excentric shaft. To run in single gear G and F are locked together, 
and D and E withdrawn, and 
the cone driving the lock 
plate drives wheel B through 
pinion A, which is always in 
gear. When working in treble 
gear the lock plate is freed, 
and the drive is through C, 
D, E, F, A, and B. 

An obvious defect of the 
design of Fig. 51 is that, as 
the pitch of the teeth of A 
and B must be rather coarse 
to enable them to .transmit 
the heavy load at the slower 
speeds, they are not so suit- 
able for obtaining smooth 
running when working at the 

high speeds of the single gear. This defect is not found in the arrangement 
of Fig. 50, where the single gear is close to the cone. 

Fig. 52 shows an arrangement where a tapered cone, having a curved 
surface, and mounted on a side shaft, gives motion to the spindle through the 
wheels A and B. On the spindle is a sleeve which is free to rotate inde- 
pendently thereof, and which carries the wheels B, C, and E all keyed to it. 
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The wheel H is keyed to the spindle itself, and is provided with a lock bolt, 
which fits the recesses in wheel B. F, I), and G are mounted on a sleeve, 
and can be disengaged or engaged by means of an ezcentiic shaft. When 
running single gear the wheel B is locked to H, the back gear being dis- 
engaged ; in treble gear the wheel B is freed from H, and drives the spindle 
through A, B, E, F, G, H, or A, B, 0, D, G, H. With this arrangement it is 
possible to get any speed between the limits of the gears, and the difficulty of 
shifting a belt upon a stepped cone is avoided. The mating cone can be 
placed at the rear of the lathe and below the other. 

An arrangement, by Messrs. J. Lang and Sons, by which a continuously 
variable speed can be obtained, was shown in the "Machine Tool Supplement" 
of The Engineer of November 4, 1904 Here two cones were caused to open 
or close, whilst a corresponding pair on a second shaft were caused to close or 
open. Tiie belt drives, however, altogether by the edges, and for this reason 

the design is unsuitable for 
very high powers. It is only 
by having a high speed of 
strap and by gearing down 
to the spindle that a heavy 
cut can be taken with this 
arrangement. 

Sketch No. 53 shows an 
arrangement, used by several 
firms, capable of giving one 
single and two treble gears. 
The cone and pinions A and 
C run tc^ether as one piece 
freely upon the shaft, whilst 
wheel F and pinion G are 
keyed to it. ThQ wheels D, 
B, and £ are keyed upon the 
second-motion shaft, but free to slide along the same. When running 
single gear wheel F is locked to the cone, and the drive is through G and H ; 
D, B, and E being disengaged. In treble gear the wheel F is freed from the 
cone, and we have : first treble gear, A, B, E, F, G, H ; second treble gear, 
C, D, E, F, G, H. 

It ia a common continental practice to fix a second face-plate pinion on 
the second motion shaft. The countershaft is then provided with a revers- 
ing motion ; and in this way two double gears are added to the above two 
treble gears. Suppose such a pinion to exist (I), we should have : first double 
gear, A, B, I, H ; second double gear, C, D, I, H. 

In Fig. 51 this idea (the design of Messrs. Sharp, Stewart, and CSo.) is 
further extended, and one single gear, two double, and two treble gears are 
secured ; whilst dispensing with lock-plates, clutches, and sleeves. At the 
same time a third-motion shaft is provided, and each shaft fitted with a face- 
plate pinion ; but by this means the wear is well subdivided. The cone and 
wheels A, C, and G are keyed to the first-motion shaft, and rotate with it, 
thus preventing any possibility of wearing flats on the shaft, as is likely to 
liappen when the cone, etc., run freely upon it. D, B, E, and H are keyed 




Fig. 58. 



THE FAST HEADSTOCK, GEAR ARRANGEMENTS, ETC. 115 




Fio. 64. 



to the second-motion shaft, but are free to slide along it. I and J are keyed 
upon the third-motion shaft, and all three of the faceplate pinions can be 
withdrawn. If I is withdrawn with the same mechanism as moves J, pinion 
H may be fixed to the shaft. 

We then have: Single gear, G, F; first double gear, A, B, E, F; second 
double gear, C, D, E, F ; first 
treble gear, A, B,H, I, J, F; 
second treble, C, D, H, I, J, F. 

In this case also it is 
necessary to fit a reversing 
motion upon the counter- 
shaft, in order to secure the 
correct direction of rotation 
when running in double 
gear. 

Number of spindle speeds 

The next figure. No. 55, 
shows an arrangement giving 
two double and two treble 
gears, and by which also a 
high value of E^ is obtained. 
Here the cone and wheels E, 

C, J, and A are keyed to the 
first-motion shaft, F, D, G, 

and I to the second-motion shaft, and all on this shaft are free to slide, F and 
D moving together, as only one or the other is used at one time. The wheel 
H is keyed to the spindle. This wheel may be of a fair size, and it is common 
continental practice to key it to the spindle as shown. In this country it is 
generally preferred to attach 
it to the face-plate, within 
the internal gear, and the 
wheel G is then overhung 
when engaged, and is with- 
drawn within the bearing in 
a manner similai' to that 
previously described. 

The arrangement shown 
gives two double gears, C, 

D, G, H and E,F, G, H; two 
treble gears, C, D, I, J, A, B, 
and E, F, I, J, A, B. The 
gear ratios, with about maxi- 
mum possible gears, are 12, 
24, 48, and 96. Their highest 
value is stUl relatively small, and in order to increase it some continental 
firms mount the cone on another shaft and gear down to the face-plate pinion 
shaft. It may be observed that, by having the cone and wheels E and C 
coupled together and free on the shaft, yet capable of being locked to it, and 
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by providing spacje to allow of wheels F and D being disei^aged, a single 
gear in addition to the above can be obtained. 

In Fig. 56 is shown an arrangement, similar to Messrs. Bichards', capable 

of giving two single gears and 
four treble gears. The first 
single gear is intended for 
small work and a polishing 
speed. The cone and wheels 
A and C revolve together on 
the side shaft ; wheels F and 
H are keyed to it, F carries 
a lock bolt which fits the re- 
cesses in the cone, and is 
locked to it when running 
single gear. The wheels B, D, 
and £ are mounted on a back 
shaft — B and D being free to 
slide on same — which has its 
bearing in two excentric 
bushes in the headstock 
cheeks. These bearings are 
coupled together by means 
of a handle, and throw the 
wheels, D, B, and E in or out 
of gear. First single gear, F, 
G ; second single gear, H, I ; 
first treble gear, A, B, E, F, G; second treble gear, C, D, E, F, G; third 
treble gear. A, B, E, F, H, I ; fourth treble gear, C, D, E, F, H, I. Here the 
ratio of F to G is comparatively small, and if the speeds are all arranged 

in geometrical progression, 
this value of B« is useless for 
high-speed and compromise 
lathes generally; but it is 
here introduced for polishing 
and small drilling and boring. 
It need not be in geometrical 
progression with the other 
speeds — i.«. there will be a 
gap in the geometric ratio 
above the single gear H, I. 
For all gears of higher ratios 
the speeds maybe in geometri- 
cal progression. 

Fig. 57 shows an arrange- 
ment giving one single and 
four treble gears. The cone 
and wheels A, C, E are all 
keyed to the shaft, K being 
capable of withdrawing within the bearing. Wheels D, B, E, and G are keyed 



Fig. 66. 
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to the second-motion shaft, and can slide along it, whilst F, H, and I are 

similarly arranged upon the third-motion shaft. The drives then are : Single 

gear, K, J ; first treble. A, B, E, F, I, J ; second treble, A, B, G, H, T, J ; third 

treble, C, D, E, F, I, J ; fourth 

treble, C, D, G, H, I, J. 

Number of spindle speeds = 

5py. 

Fig. 58 gives another 
method which has been used 
for obtaining the same number 
of back gears, viz. one single 
and four trebles. The cone 
and wheels A and C here run 
together freely upon the first- 
motion shaft, instead of being 
keyed to it as in Fig. 57. By 
then mounting wheel F upon 
the first-motion shaft and key- 
ing the same to it, along with 
pinion K, the single gear drive 

is obtained through K and J as before by locking the cone to F. The only 
other variation from Fig. 57 is that the pinion and wheel G and H are over- 
hung upon the second-tmd third-motion shafts. Single gear, K, J — cone locked 
to F; first treble. A, B, E, F, K, J; second treble, A, B, G, H, I, J; third 
treble, C, D, E, F, K, J ; fourth treble, C, D, G, H, I, J. 

This arrangement is in several respects inferior to that of Fig. 57. The 
cone, A and C run loose upon the spindle, instead of being always keyed to 
it. The overhanging of G and H does not produce any corresponding 
shortening of the headstock; whilst, on the contrary, the mounting of the 
wheel F between the cone and the bearing tends to increase its length. The 
wheel H is a very long way 
from the face-plate pinion I, 
and will necessitate the third- 
motion shaft being made ex- 
ceptionally stiff. The arrange- 
ment of Fig. 58 also necessi- 
tates the use of a lock-plate, 
which is not the case with 
that of Fig. 57. 

We now come to arrange- 
ments which give not only 
double or treble, but quadruple 
gears also. Fig. 59 shows an 
arrangement similar to Messrs. 
Shanks', wherein the third- 
motion shaft carries an inter- 
nally geared wheel, whereby one single, two treble, and two quadruple gears 
are obtained. The cone and pinions A and C are mounted freely upon, and the 
wheel and pinion F and G are keyed to, the first-motion shaft, F carrying a 
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lock-bolt for the purpose of the single-gear drive. I, D, B, and E are keyed 
to the second-motion shaft, and all but the first can slide along it. The 
third-motion shaft — situated between the first- and second-motion shafts, and 
at the back of the same— carries the internal wheel J and the pinion K, both 
of which can slide along it. [When F is larger than the cone end plate, K 

and J may both be withdrawn 
at one operation.] We thus 
have: single gear — cone locked 
to F — G, H ; first treble gear, 
A, B, E, F, G, H; second 
treble gear, C, D, E, F, G, H ; 
first quadruple gear. A, B, I, 
J, K, F, G, H ; second quad- 
ruple gear, C, D, I, J, K, F, 
G, H. Number of spindle 
speeds equals 5pg. 

Fig. 60 shows an arrange- 
ment recently illustrated in 
Tht Engineer for a 54-in. 
lathe, by Messrs. Hulse and 
Co., to give two double and 
two quadruple gears. 

The pinions A and C are fast to the cone, and revolve freely on the shaft, 
whilst the wheel H and pinion I are keyed to it, the latter being capable of 
sliding on the same. J, E, and clutch L, are keyed to the second-motion 
shaft, whilst the clutch K is freely mounted on it. G and K may be in one 
piece, and the wheels B and D are keyed together, and to the sleeve K, and 
are capable of sliding on same. When withdrawing B and D the sleeve K 
is temporarily locked to the shaft by means of a set screw, and the set 
screw by which B and D are locked to the sleeve being released, a claw fitted 
with two ferrules, and carried on a rack which is actuated by a hand- wheel 
and rack pinion, moves B and D in or out of gear. When G is wanted to 
engage with H, the wheels B and D are withdrawn sufficiently far to enable 
G to move forward, B and D are then locked to the sleeve by means of the 
set screw, and the above withdrawing mechanism is used to move G into 
gear. When running with double gear the pinions I and G are withdrawn, 
and the clutch K engaged with L. When using the quadruple gear, the 
clutch K is withdrawn and the pinions G and I engaged with H and J. 
First double gear. A, B, E, F ; second double gear, C, D, E, F ; first quadruple 
gear, A, B, G, H, I, J, E, F; second quadruple gear, C, D, G, H, I, J, E, F. 

In order to keep the length of the headstock down, the wheels I and J — 
Fig. 60— are outside the bearing, and when the lathe is taking its maximum 
cut, the greatest torque coming on the second-motion shaft and the wheel J 
being situated at the end of the shaft furthest from the work, requires to be 
very large in diameter in order to give the necessary stiffness. This can be 
reduced by bringing the wheel J forward to the front of the headstock, as 
shown in Fig. 61. As in Fig. 60, the wheels A and G and the cone are fixed 
together and revolve freely on the shaft, while H and I are keyed to it, I 
being free to slide on the same. G, B, D and K are keyed to a short shaft 
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on which they are all free to slide. L, J, and E are keyed to a second short shaft 
on the same axis prolonged as the first-mentioned short shaft. When running 
double gear the clutch K is moved forward to engage with L ; G and I being 
withdrawn. When running quadruple gear, G and I are engaged, and the 
clutch K is disengaged from L. First double gear, A, B, E, F ; second double 
gear, C, D, E, F ; first quad- 
ruple gear, A, B, G, H, I, J, 
E, F; second quadruple gear, 
C, D, G, H, I, J, E, F. Some 
makers object to the short 
lengths of shaft, as the vertical 
reaction on the face-plate 
pinion tends to make the 
second short shaft bearing 
bell-mouthed. 

Fig. 62 shows a modifica- 
tion of 60 and 61, which also 
dispenses with the short shafts 
and long sleeves, the heaviest 
wheel being close to the 
face-plate pinion. The cone 
and wheels A and G may be 
keyed to the shaft, so that 

the wear due to them takes place in the bearings where it can be taken up. 
The wheel H is keyed to the sleeve of the pinion I, and revolves freely on the 
shaft. It will be clear that the wear due to H, I is considerably smaller than 
that due to the cone, as the rubbing speed is only that due to the difference 
between the cone shaft and gear revolutions, and this wear takes place when 
using the quadruple gear only. 
The wheel J is keyed to the 
sleeve of the pinion E, which 
is free on the second-motion 
shaft, while B, D, and G are 
keyed to and are capable of 
sliding along it. When using 
the double-gear pinion G, 
which has a clutch face, is 
made to engage with the 
clutch face on the wheel J or 
pinion sleeve E, the wheels H 
and I being withdrawn, and 
conversely, when using the 
quadruple gear. We then have 
the following drives: first 
double gear, A, B, E, F ; second double gear, C, D, E, F ; first quadruple 
gear. A, B, G, H, I, J, E, F ; second quadruple gear, C, D, G, H, I, J, E, F. 

It is evident that the arrangement shown on Fig. 62 could be made to 
give three double and two quadruple gears by locking the wheel H with 
the cone and engaging I with J. This arrangement does not, however, give 
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Fig. 63. 



such a large ratio of maximum to minimum speeds in geometrical progression 
as is possible with the other. This arises from the necessity of diminishing 
the ratio of the two gears H, G, and D, C ; which must be done to secure a 
proper geometrical progression of speeds with the second arrangement. 

Fig. 63 shows a simple arrangement known as the Whitworth principle, 

where the cone and all the 
wheels are keyed to the 
shafts, and clutches and 
sleeves dispensed with. 

The second-motion shaft 
is in two pieces, and the 
arrangement permits of two 
double gears and two quad- 
ruple gears, giving a very 
high maximum ratio of gear. 
We have : first double gear, 
A, B, C, D; second double 
gear, E, F, C, D ; first quad- 
ruple gear, G, H, I, J, K, B, 

C, D ; second quadruple gear, 
G, H, I, J, L, F, C, D. 

Fig. 64 shows an arrange- 
ment where the cone is 
brought to the rear of the 
head, three double and four quadruple gears being obtained. The cone is 
keyed to the shaft carrying the pinions A, C, and E. A second-motion shaft 
situated behind and above the cone shaft carries the wheels B, F, J, and G ; 
whilst another second motion shaft below and behind the cone shaft ccuries 
the wheels D, M, and H. Behind and between these two second motion 

shafts a third shaft is placed, 
upon which wheels K, L, and 
N are mounted. The drives 
then are: first double gear, 
A, B, G, I; second double 
gear, C, D, H, I ; third double 
gear, E, F, G, I ; first quad- 
ruple gear. A, B, J, K, N, 

D, H, I; second quadruple 
gear,A,B,J,K,L,M,H, I; 
third quadruple gear, E, F, 
J, K, N, D, H, I ; fourth 
quadruple gear, E, F, J, K, 
L, M, H, I. 

Fig. 65 shows an arrangement by a continental firm where the cone and 
wheel A are keyed to a side shaft ; the drive to the spindle being obtained 
through two or more pairs of wheels, thus giving a high value of R* , the ratio 
of cone to spindle speed when the latter has its highest speed of rotation (N^). 
The first-motion shaft, which is immediately behind the cone shaft, carries the 
wheels B, L, C, I, and J. On a second-motion shaft behind and above the 




Pia. 64. 



THE FAST HEADSTOCK, GEAR ARRANGEMENTS, ETC. 121 




Pig. 66. 



first-motion shaft are keyed tlie wheels E and D, while another second-motion 
shaft below the former carries the wheels M, G, and H. On the spindle is 
keyed the wheel F. B and L are coupled together and rotate freely on the 
shaft, while C is keyed to it, and has a clutch face which engages with a cor- 
respondiug face on L. M, G and H are keyed to their shaft, but free to slide 
on same. Thus the arrange- 
ment is capable of giving one 
double gear, one treble gear, 
three quadruple, and one quin- 
tuple gear. Thus : double, A, 

B, J, K ; treble. A, B, C, D, 

E, F; first quadruple: A, B, 

C, G, H, I, J, K; second 
quadruple : A, B, L, M, G, C, 

D, E, F or A, B, L, M, G, C, 
J, K ; third quadruple : A, B, 
L, M, H, I, J, K ; quintuple, 

A, B, L, M, H, I, C, D, E, F. 
Betuming now for a 

moment to Figs. 57 and 58, 
we observe that by adding 

two more pairs of wheels which are placed uj)on either the second- and third- 
motion shafts, as in Fig. 66, or upon the second- and first-motion shafts, as 
in Fig. 67, we may obtain four quintuple gears in addition to the single gear, 
and four treble gears. Eeferring to Fig. 66, it will be seen that, instead of 
employing only three shafts, a fourth has been inserted. It is perfectly 
possible to carry out the ar- 
rangement as above described, J^ 
but the design we have figured H 
— 66 — is preferable, as the 
length of the headstock is not 
increased over that of Fig. 57, 
and the wheels and N are 
always keyed in position, in- 
stead of being loose and sliding 
on the shaft. 

The cone and wheels A, 

B, C, D, E, G, and K ore 
arranged exactly as previously 
described for Fig. 57. On the 
third-motion shaft, however, 

F, H, and M are keyed together 
upon a sleeve, which can be 
clutched to it or not asjdesired. 
An additional wheel P also is 
permanently keyed upon this 

shaft. The wheels N and 0, situated between and behind the second- and 
third-motion shafts, and mounted upon a short fourth shaft, mate with M and 
P. The drives then are: single gear, K, J; first treble. A, B, E, F, T, J; 
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second treble, A, B, G, H, I, J ; third treble, C, D, E, F, I, J ; fourth treble, 
C, D, G, H, I, J; first quintuple, A, B, E, F, M, N, 0, P, I, J; second 
quintuple, A, B, G, H, M, N, 0, P, I, J ; third quintuple, C, D, E, F, M, N, 
0, P, I, J; fourth quintuple, C, D, G, H, M, N, 0, P, I, J. The arrange- 
ment of Fig. 67 is similarly 
derived from Fig. 58, and the 
drives are: single gear, K, 
J ; first treble, A, B, 0, P, K, 
J ; second treble. A, B, E, F, 
K, J ; third treble, C, D, 0, 
P, K, J; fourth treble, C, D, 
E, F, K, J; first quintuple, 
A, B, G,H,M, N,0,P,K,J; 
second quintuple. A, B, G, 
H, M, N, E, F, K, J; third 
quintuple, C, D, G, H, M, N, 
0, P, K, J ; fourth quintuple, 
C, D, G, H, M, N, E, F, K, J. 
As already remarked in con- 
nection with Figs. 57 and 58, 
we consider this arrangement in many ways inferior to that of Fig. 66. 

In addition to the defects specified : the overhanging of G, H without any 
corresponding shortening of the head, the great distance between H and M, 
and the provision of only one face-plate pinion ; it is clearly bad practice to 
employ the gears 0, P and E, F, which must of necessity have coarsely pitched 
teeth to transmit the heavy drive of the quintuple gear, also for the light 
loads and high speeds of the treble drives. The corresponding gears of 
Fig. 66, viz. M, N and 0, P, which are heavy and of large diameter, are only 
used for quintuple driving. 
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CHAPTER XXI 

THE FAST HEADSTOCK {continued) — GFAR ARRANGEMENTS 

; All-Gear Headstocks 

In the types of headstock described in our last two chapters, variation of 
speed was obtained by the use of gear wheels and a stepped cone, the latter 
being mounted either* upon the spindle or upon a back shaft. We now 
propose to describe a few of the most recent examples of headstocks in which 
the cone is displaced by a single pulley driven by a belt, or by a spur or 
sprocket wheel driven from an electric motor. 

When driving ftx)m a main shaft, some makers prefer to arrange for 
making the required close variations of speed by gearing or pulleys overhead 
— i.e. between the main and 
countershafts — the coarser 
changes being obtained on the 
headstock itself. What advan- 
tages this method has over 
that in which all the gears 
are arranged within the head 
itself we leave for subsequent 
discussion. Similarly, with 
motor-driven lathes the speed 
variation may be obtained 
portly in the motor and partly 
by gear in the head. As a 
general rule, the motor can give the same variation of speed ratio as the 
displaced cone, but continuously, instead of per saltum. In some cases, how- 
ever, the whole range of variation is obtained in the motor itself. The 
relative advantages of these two methods will also form the subject of 
future inquiry. 

It is evident that the substitution of a belt pulley, a spur or a sprocket 
wheel for the stepped cone of Chapters XIX. and XX. will convert any of 
the arrangements there described into a so-called " all-gear head " ; but that 
there must be a suitable speed- varying device behind this driving wheel, e.g, 
an electric motor to fill in the gap caused by the removal of the cone. 

Fig. 68 shows an arrangement by J. Buckton and Co., Limited, Leeds, 
which 13 fully described in the " Machine Tool Supplement " of The Engineer 
of November 4, 1904. Here the wheels M, A, C, E, G are keyed to a 
sidfi shaft at the back of the headstock ; the wheel M meshes with a pinion 
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on the end of the armature shaft of the motor, while the pinions A, C, and E, G, 
slide in pairs on the shaft, and respectively mesh with the wheels B, D, and 
F, H, keyed to a sleeve revolving freely on the spindle. A second side shaft 
mounted at the front of the headstock carries the wheels J and K, the latter 
being free to slide on the shaft. The pinion I is also keyed to the spindle 

sleeve, and has a clutch face. 
When running single gear it 
meshes with a corresponding 
face on the wheel L, which is 
keyed to the spindle. The 
arrangement thus permits of 
four single gears and four 
treble gears. « 

Single gears: I engaged 
with L; K withdrawn; first, 

A, B ; second, C, D ; third, E, 
F ; fourth, G, H. 

Treble gears : I withdrawn 
from L and engaged with J; 
K engaged with L; first. A, 

B, I, J, K, L; second, C, D, 
I, J, K, L; third, E, F, I, J, 

K. L; fourth, G, H, I, J, K, L. 

By transferring two of the wheels from the first to the third-motion shaft 
of Fig. 68, an arrangement similar to Fig. 69 is obtained. This will give two 
single and eight treble gears; or ten speeds as against eight in the former 
case. The arrangement shown in Fig. 69 is after the patent of the Draper 
Machine Tool Company, Worcester, Mass. Two pinions A and C are coupled 
together and slide on the back shaft. The wheels K, E, B, and D are keyed 

to a sleeve revolving freely on 
the spindle, the last wheel 
being provided with recesses 
to receive the lock bolt carried 
by the wheel H when running 
single gear. H and J are 
keyed to the spindle, while 
the wheels L, F, and G, I, are 
keyed to a sleeve running 
freely on an excentric shaft, 
and slide in pairs on the same. 
When running single gear 
the wheel D is locked to H, 
the wheels L, F, G, I being 
thrown out of gear. 

Single gears : first, A, B ; 




Fig. 70. 



second, C, D. 

Treble gears: 
A,B, E, F, I, J; 



first, A, B, E, F, G. H ; second, C, D, E, F, G, H ; third, 
fourth, C, D, E, F, I. J; fifth, A, B, K, L, G, H; sixth, 



C, D, K, L, G, H ; seventh. A, B, K, L, I, J ; eighth, C, D, K, L, T, J. 
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Fig. 70 show8 an arrangement by the Tangye Tool and Electric Company, 
which was illustrated and described in the " Machine Tool Supplement " of 
The Engmter of November 4, 1904. It is capable of giving one single, three 
double, one treble, and three quadruple gears. 

There are two side shafts carried at the back of the headstock, on one of 
which is keyed the driving pulley and friction clutch L, while the pinions 
D and A revolve freely on the same. On the second side shaft are keyed the 
wheels E, F, and B. Eunning freely upon a loose sleeve mounted inde- 
pendently on the spindle are two wheels G and C, which have clutch faces to 
mesh with clutch M. This clutch and the pinion H, which also has a clutch 
face, are keyed to the sleeve. The wheel K may be clutched to the pinion H, 
and is keyed to the spindle. Vertically above the spindle is an excentrically 
mounted shaft carrying upon a sleeve the two wheels I and J. The four 
wheels H> I, J, and K form an arrangement similar to the double back gear 
in small lathes. For convenience this sleeve with wheels and bearings is 
here shown rebated backwards. The shafts and spindles rotate in self-oiling 
bearings, and the whole of the gear is enclosed in a casing, all changes being 
effected by levers placed outside the same. When running single gear the 
clutch L is engaged with A, the gears I and J disengaged, M is clutched to 
C, and H to K. 

Single gear : A, B, C. 

Double gears : First, D, E, B, C (L engaged with D, M with C). 
Second, A, B, F, G (L „ A, M „ 6). 

Third, D,E,F, G(L „ D, M „ G). 

(H clutched to K throughout, I and J withdrawn.) 

In the treble and quadruple gears the pinion H is withdrawn from K, and 
the wheel and pinion I and J engaged. The clutch positions for the treble 
gear are the same as for the single gear. For the quadruple gears the clutches 
are similarly placed as for the corresponding double gears, the only addition 
being the inclusion of the wheels I and J. 

Treble gear : A, B, C, H, I, J, K (L engaged with A, M with C). 

Quadruple gears : 

First, D, E, B, C, H, I, J, K (L engaged with D, M with C). 
Second, A, B, F, G, H, I, J, K (L „ A, M „ G). 

Third, D,E,F,G,H,I,J,K(L „ D, M „ G). 

Being an all-gear head, this arrangement is capable of taking a heavy cut ; 
yet the Tangye Company do not recommend this principle of headstock for 
lathes above 12-in. centres. It will be observed that the high speed of pulley 
shaft permits of a friction clutch being used, although a large amount of 
power has to be transmitted. 

The arrangement shown in Fig. 71 as recently made by Hulse and Co., 
Limited, Manchester, permits of two single, two double, two treble, and two 
quadruple gears being obtained. The sprocket wheel M is keyed to the 
sleeve of the pinion I, which revolves freely on the shaft. The wheel M, 
driven by a chain and pinion at the end of the armature shaft, may, of course, 
be replaced by a pulley. The wheels L, A, C, and clutch N are keyed to the 
first-motion shaft, whilst the wheels E, F, and pinion G are keyed to the 
second-motion shaft-; J is keyed to the sleeve of the pinion K, and revolves 
freely on the shaft. The wheels B and D are keyed to the spindle. 
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Single gears : 
Double gears : 
Treble gears : 
Quadruple gears : 



First, A, B, clutch N engaged with I. 
Second, 0, D, „ „ 

First, A,E,G,H, „ 
Second, C, F, Gr, H, „ „ 

First, I, J, K, L, A, B, N withdrawn. 
Second, I, J, K, L, C, D, „ 

First, I, J, K, L, A, E, G, H, N withdrawn. 
Second, I, J, K, L, 0, F, G, H, N 
Fig. 72 shows an arrangement by Sharp, Stewart and Co., where the 
motor is mounted on the headstock, the drive to the first-motion shaft being 
obtained through the sprocket pinion and wheel A and B. 

The first-motion shaft, situated above and behind the face-plate pinion 
shaft, carries the wheels and D, which are keyed to but free to slide upon 

it On the face-plate pinion 
shaft is mounted a sleeve, 
which is free to rotate in- 
dependently of it, and capable 
of being locked to it by 
means of a lock plate F and 
the lock bolt carried by the 
wheel L. The wheels E, F, 
G, I and lock plate P are 
keyed to the sleeve, while the 
wheel L and pinion M are 
keyed to the shaft. 

On the quadruple gear 
shaft are keyed the wheels 
J, H, and K, all of which are 
free to slide. The arrange- 
ment is identical with that 
shown in Fig. 53, except that 
the cone has been displaced 
by the wheels E and F, and the first-motion shaft has been added to give 
two reductions of speed from the motor. 

The arrangement thus permits of two double and four quadruple gears — 
neglecting the wheels A and B. 

Double gears : First, A, B, 0, E, M, N ; second. A, B, D, F, M, N. 
Quadruple gears : First, A, B, C, E, G, H, K, L, M, N; second. A, B, D, 
F, G, H, K, L, M, N; third. A, B, C, E, I, J, K, L, M, N ; fourth. A, B, D, 
F, I, J, K, L, M, N. 

Fig. 73 shows an arrangement patented by the late Mr. W. W. Hulse in 
January, 1896, which is similar to that shown in Fig. 72, except that any 
number of wheels may be keyed to the sleeve, all capable of gearing with 
a pinion, the distance from the centre of whose shaft to that of the sleeve is 
capable of variation, so that the pinion can engage with any one of the series 
of wheels upon the sleeve. Several methods of effecting this change of 
centres are covered in the specification ; as, e.g,, by a pair of swinging arms, 
by a compound slide, by slide and arms combined, etc. The drive to the 
pinion shaft from the motor may be through a worm, worm wheel, and spur 
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gearing, when the motor is at right angles to the lathe centre line — as shown 
in the sketch. Other suitable power-transmitting arrangements are also 
indicated. Several arrangements similar to this have recently appeared, but 
the modifications seem to be more in details than in principle. In the 
"Machine Tool Supplement" of The Engineer of November 4, 1904, there is 
shown a detailed drawing of 
a recent improved form of 
this patent by Hulse and Co., 
Limited. 

The arrangement shown in 
Fig. 73 carries a worm wheel 
A and spur wheel B coupled 
together and revolving freely 
on the shaft. Motion is com- 
municated from the motor 
through a worm which drives 
A and B ; the latter in tiurn 
drives the wheel C keyed to 
the end of jockey-pinion shaft, 
which drives the wheel D. 
By swinging the arms and 
sliding the wheel D along 
the shaft, it can be made to mate with any one of the series E, F, 6, H. 
On the first-motion shaft is keyed the wheels N and face-plate pinion 0, and 
a sleeve riding freely on this shaft has keyed to it the wheels E, F, G, H, I, K, 
and a lock plate. On the second-motion shaft are keyed the wheels J, K, and 
M, the last being free to slide. The worm and worm wheel A and spur 
wheels B and may be considered as speed-reducing gears, and are common 
to all the gears ; the arrange- 
ment then is capable of giving 
four double and eight quad- 
ruple gears. 

Double gears : first, D, E, 
0, P; second, D, F, 0, P; 
third, D, G, 0, P ; fourth, D, 
H, 0, P. 

Quadruple gears : first, D, 
E, I, J, M, N, 0, P ; second, 
D, F, I, J,M, N, 0, P; third, 
D, G, I, J, M, N, 0, P; 
fourth, D, H, I, J, M, N, 0, 
P; fifth,D, E, K, L, M, N, 0, 
P ; sixth, D, F, K, L, M, N, 0, P ; seventh, D, G, K, L, M, N, 0, P ; eighth, 
D, H, K, L, M, N, 0, P. 

Although the arrangement shown in Fig. 71 is capable of giving in all 
eight speeds — two single, two double, two treble, and two quadruple — the 
range of the ratio is comparatively smalL The large wheel on the spindle is 
limited in diameter, and is consequently not so suitable for large lathes as 
that shown in Fig. 74, which gives two double and four quadruple gears. A 
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detailed drawing of a headstock with an arrangement of gear similar to this 

by Hulse and Co. is shown in the "Machine Tool Supplement" of The 

EiiyiTuer of November 4, 1904. 

In Fig. 74 the pulley and wheels A and C are keyed to a sleeve free on 

the first-motion shaft, whilst H, F and I are keyed to the shaft, the last two 

being free to slide together on 
the same. On the second- 
motion shaft are keyed the 
wheels D, B, G and E; the 
last fitted with a lock-plate. 
J is keyed to the sleeve of the 
face-plate pinion K, which re- 
volves freely on the shaft, but 
is capable of being locked to it 
by means of a lock bolt carried 
by J and the lock-plate. The 
sets are as follows : — 

Double gears: First, A, B, 
K, L ; second, C, D, K, L. 

Quadruple gears: First, A, 
B, E, F, I, J, K, L; second, C, 

D, E, F, I, J, K, L; third, A, B, G, H, I, J, K, L; fourth, C, D, G, H, I, 

J, iL, Li, 

Fig. 75 shows an arrangement similar to that shown in Fig. 70, by means 
of which sixteen instead of eight speeds are obtained by the addition of three 
wheels. The driving pulley and friction clutch are keyed to a side shaft, 

which also carries the pinions 
A and D free on the same, 
but capable of being coupled 
to it by means of the clutch, 
which is actuated by a lever 
at the front of the headstock. 
The wheels B, G, E and I 
are keyed to an intermediate 
shaft A sleeve, mounted 
freely upon the spindle, has 
keyed to it the clutches P and 
E and the pinion K, whilst 
the wheels C, H, F and J, 
having clutch faces, are free, 
but can be locked to the sleeve by the clutches. The wheel N is keyed to 
the spindle and has a clutch face corresponding to that of the pinion K, 
whilst L and M are keyed to a sleeve, free upon an excentric shaft which 
engages or disengages these gears. The arrangement of the gears are as 
follows : — 

Single gears : First, A, B, C ; second, D, E, F. 

Double gears: First, D, E, B, C ; second. A, B, E, F; third, D, E, G, H ; 
fourth. A, B, G, H ; fifth, D, E, I, J ; sixth, A, B, I, J. 

Treble gears : Fii-st, A, B, C, K, L, M, N ; second, D, E, F, K, L, M, N. 
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Quadruple gears : First, D, E, B, C, K, L, M, N ; second, A, B, E. F, K, 
L, M, N; third, D, E, G, H, K, L, M, N; fourth, A, B, G, H, K, L, M, N; 
fifth, D, E, I, J, K, L, M, N; sixth, A, B, I, J, K, L, M, N. 

It will be observed that some of the gears other than the single give a 
ratio that can easily be obtained by a single gear, and to this extent should 
possibly not be classed as double, treble, or quadruple gears. For the first 
eight speeds the wheels L and M are disengaged, and the clutch pinion K 
made to engage with N. The pinion K and clutches P and E are actuated 
by levers on the front of the headstock casing; provision being made on 
these levers to prevent more than one- of these clutches being engaged at any 
one time, whilst the shoulder on the pinion K prevents L and M mating with 
K and N when K is engaged with N. 

As a rule, in all gear headstocks the wheels are lubricated either by 
running in an oil bath or by trailing wicks ; some such lubricating device 
being necessary where steel 
gears are used. 

It nearly always happens 
in multiple-gear arrangements 
that more than one set of 
gears may be positively in 
gear at one time ; which would, 
of course, lead to stoppage or 
breakage. This is particularly 
the case where sliding clutches 
are employed. 

The arrangement shown in 
Fig. 76 — after Euppert, v. 
Zeitschrift des Vereins Dmt- 
scher Ingeniey/re, 1904, page 
418 — ^is absolutely interlock- 
ing in itself; no matter what positions the levers occupy, there can be no 
stoppage or breakdown. 

The driving pulley and clutch I are keyed to a sleeve revolving freely on 
the shaft, whilst the wheels A and B revolve freely on the sleeve. The wheel 
A has a single-clutch face, and B a double-clutch face. The clutch J is 
keyed to the sleeve of the wheel C, which revolves freely on the shaft ; but 
a clutch face on the right-hand boss of C permits it being coupled to the 
shaft by a clutch M. The wheel D, which has a clutch face on the left boss, 
is also loose on the shaft, but can be coupled to it by the clutch M ; the face- 
plate pinion K is keyed to the shaft. On the second-motion shaft are keyed 
the wheel E and single-faced clutch K. The wheels G and H and single- 
faced clutch L are keyed to a sleeve revolving freely on the second-motion 
shaft, while the wheel F is free on the sleeve, and has a double-clutch face, 
which permits of it being locked to the shaft, or sleeve, or both. 

The arrangement of the gears is as follows : — 

First, N, (I engaged with B, J with B, and M with C). 

Second, B, F, G, C, N, (I engaged with B, L with F, and M with C). 

Third, A, E, F, B, N, (I engaged with A, K with F, J with B, and M 
with C). 

K 
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Fourth, A, E, G, C, N, (I engaged with A, K and L with F, and M 
with C). 

Fifth, C, G, H, D, N, (I engaged with B, J with B, and M with D). 

Sixth, B, F, H, D, N, (I engaged with B, L with F, and M with D). 

Seventh, A, E, F, B, C, G, H, D, N, (I engaged with A, K with F, J 
with B, and M with D). 




Fio. 77. 



Eighth, A, E, H, D, N, (I engaged with A, K and L with F, and M 
with D). 

The positions in order of the level's for each of these gears are shown 
immediately over the figure, and read from left to right. 

Fig. 77 shows a recently patented device by Hulse and Co., Limited, where 
the speed variation is obtained wholly in the motor, or in some suitable 
variable speed device, which is independent of the headstock. 

In large lathes, where the cuts are heavy, and frequently intermittent, 
the load on the face-plate pinion is very great, and there is a considerable 
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amount of chatter, due to the irregularity of the work, the cutting action of 
the tool at slow speeds, and the large pitch of the pinion tooth necessary for 
strength. To overcome in part these defects, the arrangement shown 
(Fig. 77) has two face-plate pinions, and two reversely threaded worms, which 
drive corresponding worm wheels keyed to the two face-plate pinion shafts* 

The worms are keyed to a shaft, or to a sleeve, free on the same, and 
provision is made to allow the shaft or sleeve to move endwise, so that the 
thrust of the worm is self-contained therein, and is not received by the 
bearings. 

This floating movement also allows the worms to adjust themselves to 
suit any inequalities there may be in the gears. By this means the load is 
divided among the gears, so as to stress them all equally. The directions 
of the drives and the thrusts of the worms are shown in the figure by the 
arrows, which may convey a clearer idea of the device. The arrangement is 
equally suitable for either external, internal, or combined external and 
face-plate wheels. 

It will be observed that there is a pinion at each end of the armature 
shaft, thus dividing the torque, and permitting of a more rigid drive. By 
means of a chain the pinions A drive the wheels B, which are keyed to the 
'worm shaft ; the worms C drive the wheels D, which are keyed to the end 
of the face-plate pinion shaft, and £ drives F. 



CHAPTER XXII 

SPINDLE-SPEKD RANGE— GEAR AND GEOMETRIC RATIOS WITH DIFFERENT 
DESIGNS OF HEADSTOCK 



It is our intention in the present chapter to enter upon a discussion of the 
general principles governing the choice of, and designs for, the various 
types of headstocks described and illustrated in Chapters XIX., XX., and 
XXI. To this end we shall first put down in tabular form the relations which 
obtain between the geometric ratio, the number of cone steps, and the gear 
ratios for one, two, or any number of countershaft speeds. We shall then, by 
working out specific cases and by inductive methods resulting therefrom, 
ascertain the suitability of double, treble, quadruple, etc., arrangements of 
"back" — or compound— gear for the various sizes and types of lathe, as 
influenced by the greatest and least number of spindle revolutions, and by 
the number of speeds it is proposed to supply. 

Reverting to Chapter VII., the table of relations given on the opposite 
page may easily be obtained from that given on pp. 40 to 43. 

We may now consider a few of the simpler designs of headstock, b^inning 
with Figs. 38, 39, and 40 of Chapter XIX. ; calculating the various gear ratios 
and the possible ratio of spindle speeds. 

Case 1. — One countershaft speed, or jp = 1. Thus if s = pjm = 8 ; or 
there are eight spindle speeds. Then Table A, which we use for this case, 
will read (if g' = 4, and m = 2) — 



Name of Gear. 



Single gear 



Speeds No. 
lto4 



I 



Double gear . . . . j 5 to S 



Gear Batioe. 



Largest 
Smallest ' 



^=§^1=''='^ 



= rl 



XT 1 . B D 

Now let ^ = ^1 ; ^ = ga- 



Then 


giXg^^r^ 


and if 


fl'i = ^2 = fl', say 


we have 


g^ = r*, or .(7 = r^, or r =:r ^ 



Thus we know r, if we assume a constructionaUy convenient value for g. 
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TABLE L 

Tables of Values 0/ Ratios 0/ Compound Oearsfor Headstocks in Terms of the Geometric Ratio 
and Number of Gone Stqps, Gears^ and Countershaft Speeds. 

• mi. "vx 11- *j. jT»=lif cone is on the spindle. 

A.-There is but one countershaft speed Bo > 1 if cone is off the spindle. 



Momlnr of wajs cone can be ooopled to 
•pindle, and name or gear. 



1 Single gear 



2 First compound gear . . 

3 Second compound gear 
tn (m — l)th compound gear 



Speed oamber. 



Itos 



I q + lio2q 

2q + ltoBq 
I (wi — l)g + 1 to mq- 



aloe of gear ratio 
s geometric ratio. 






largest . 

: — ^, T-oonestep 

smallest '^ 






B.— There are two countershaft speeds B, > 1. 



I Single gear (fast) . 



j „ (slow) .... 

o ( First compound gear (fast) . 

I i> i> (slow) . 

o / Seoond compound gear (fast) 
^\ .. ,. (slow) 

tni^^ l)th compound gear (fast) 

I •» » If (slow) 



lioq 

9 + 1 to2g 
22 + lto8g 
82 + 1 to 4^ 
4g + 1 to 5g 
62 + lto6$ 

to 2(iii - l)q 
2(m - 1)2 + 1 to 2m2 



A 

B3,= 






C— There are three countershaft speeds B^ > 1. 



Single gear (fast) 



,, (medium) .... 

(slow) 

First compound gear (fast) . . 

,, „ (medium) 

„ (slow) . . 

(m — l)th compound gear (fast) 

„ „ „ (medium) 

„ „ „ (slow) . I 



lto2 

q + lto^ 
22 + lto39 
82 + 1 to 4^ 
iq + lto5q 
Siq + 1 to eiq 



to (dm - 2)q 
8(m - 2)2 + 1 to (3m - 1)3 
3(m - l)g + 1 to 8m2 



E 
R, = 

RacR.: 
RscBm-l = 






D.— There are any number, p, of countershaft speeds Ro > 1. 



1 

1 
1 


Single gear (fastest) 
>« it 




lto2 

3 + lto22 
22 + lto3g 


A ^"- 
Rac = r^ 




1 


(slowest) 

First compound gear (fastest) . . 
If II i» • • 
II »i II • • 


(|>-l)2 + ltopg 


R^rrf^'-^^V 




2 
2 
2 


pq + lio(p + l)q 
(P + 1)2 + 1 to (i) + 2)2 
(P + 2)2 + 1 to (p + 8)2 


Ri=rw 
R,eRi=r<'+«»^ 




2 


II II 


(slowest) . 


(2|>-l)2 + lto2p2 


R^,=r<^i'-»« 



77i (m — l)th compound gear (fastest) 



(m - 1)1)2 + 1 to [i>m - (2> - 1)?] ^m-i = r<'"'»-''><' = rP^"^'^"^ 



[|)m-(p-l)2]+l to |j>m-(i)-2)2] 
[lwi-(i>-2)2]+l to [l)m-(l>-8)2] 



(slowest)! (mp — 1)2 + 1 to mp2 



Rp3„.i = r<'«-»>v = f*- 



Table D is general and converts into any of the others by putting in the proper value of p. 
In all the tables p = number of countershaft speeds, m = number of ways cone and spindle can be coupled, 
and q = number of cone steps. 
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Now 



N 
^r N, ^ 



But 



jfore 










TABT.F. I 






Thus, with g = 
We have r = | 


3 
1-732 


3-6 

1-871 


4 
2 


And S. = |= ! 


46-7 


80-2 


1 127-9 

i 



Case 2. — Two countershaft speeds, p = 2, s = pqm = 16. Table B 
gives (w = 2, J = 4) — 



Single gear- 
Fast. . . 



Slow 



Double gear — 
Fast . . . 



Slow 



Speeds. 
lto4 

6 to 8 



9 to 12 
18 to 16 



Step ratio = r*'* 

fast 
Re = -. countershaft spoeds = ^ = 7"* 



C '^ A 

BeBi = 



zzr*f = r'' 



Thus with ffi =z g2 = g, as before, we have 

g^ =: f^ = r^, g = r*, OT r = (jl 

Also 

Therefore S, = ^ 










TABLE 


n 






If 

Then 
And 


9 = 

r = 
S,= 


3 

1-816 
61-7 




3-5 
1-3G8 
110 


4 

1-415 
182 



Case 3. — Three countershaft speeds. 

^ = 3, J = 4, m = 2, s = pqm = 24. 
Table C gives — 



Single gear- 
Fast . . . 



Medium 



Slow 



Double gear- 
Fast. . . 



Medium 
Slow . . 



Speeds. 
lto4 

6 to 8 



9 to 12 



Step ratio = r** 

Rjc = ratio —^ countershaft speeds = r» 

= r* 

i fast 

R^ = ratio -y- countershaft speeds =^r*^i =7* 



13 to 16 


B.=5xJ = r^=r.. 


17 to 20 


R,,R, = = r*» = r»* 


21 to 24 


R^R, - -r^z^f** 
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^Zl 



Hence 
i 




= 


1^ = r^2^ ^ = r®, or r = 


9^ 








TABT.Fi III 






With 
we get 
and 


9^ 
r- 




8 8-5 
1-200 1 1-282 
67-46 121-9 


1 
1 


4 

1-260 
207-6 



Thus we see that Sr, the ratio of the greatest to the least spindle speed of 
revolntion, increases as the number of countershaft speeds gets greater for a 
fixed number of cone steps (here = 4), and with one double back gear 
(i.e. m = 2) ; at first rapidly, afterwards more slowly. We find, in fact, that 
even with a very large number of countershaft speeds (keeping y = 4, and 
i» = 2) S^ does not increase beyond certain comparatively low limits, viz. 
81 for 5^ = 3, 150 for ^r = 35, and 256 for 5^ = 4. 

This may be easily proved as follows : — 

From Table D we have 



Therefore 
That is. 



El = ^2 = r^, or ^ = rv, or r = gfi 



which tends to approach the value Sr = Sf^ ^H continually increases. 
But 3* = 81, 3-5* = 150, 4^ = 256 Q.KD. 

Taking g = 3^, i.e. ^2 = x — = 12i, as the greatest proper gear ratio 

for a double gear, we thus see that S^ can never exceed 150; that for three 
countershaft speeds its value is 122; for two speeds it is 110; and for one 
speed it is 80. 

Two Double Gears 

Take now the case of two double back gears ; i.e. m = 3. 
Case 1. — One countershaft speed, |? = 1, m = 3, y = 4, « = 12. 
Then Table A reads :— 



Name of Gear. 



Single . . . 
First doable . 



3 I Second double . 



Speeds Nob. 






lto4 


Step ratio = /t' = r^ » 




5 to 8 


D F 
^1 = QX:j^ = r' = r* = g,g^ 




9 to 12 


^« = C ^ A = *■ = ""^ = ^^' 
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T ,B F D 



A 

If 

then 
And since 

Thus 
Also 
Therefore 



E 



^2 = 1 

gm = r^ '''9i = r^ = f 
1 1 
r — gv' = gi* 

TABLE IV 



Thus, with 
we get 
and 



9i = 

r = 



8 

1-816 
^•51 


3-6 
1-328 
31-20 



4 

1-416 
45-2 



Case 2. — Two countershaft speeds. 

I? = 2, m = 3, 2 = 4, s = 24. 
Table B becomes — 



1 


Single- 
Past 


lto4 


k Step ratio = r* » 




1 


Slow 


5to8 


fast 
Re = zj^ countershaft speeds = ri :=r* 




2 


First double- 
Fast 


9 to 12 


». = §xi = »^ = '' 




2 


Slow 


18 to 10 


R3, = (R,5.XjrJ = r^ = r" 




3 


Second double- 
Fast 


17 to 20 


^ = hl = ^=r" 




3 


Slow 


21 to 24 


ReR, = (Reflf, X (7i) = r»» = »^ 




If 

and since 


92 =hgs = r"' 

gsgi = ^ 




therefore 


gi = r^(= gs) 




That is 


r = gii = gil 




Also 


S,=r'^-* = r® 




and 


S.=^i¥ 




Tl 




TABLE V 




tius, with Qi = 
r = 

s. = 


8 

1-148 
28-55 




8-5 
1-169 
36-73 


4 

1-19 
53-7 





Comparing these results for Figs. 38 and 39, we find that Fig. 39 gives 
values of S^ (i.e, ratios of spindle speeds, maximum and minimum) only from 
i to J as great as those of Fig. 38. [Compare Sr in Tables I. with IV., and 
Table IT. with Table V.] Fig. 39 gives, however, a larger number of speeds 
than Fig. 26 within these smaller ranges. 



Fcg, Fig. 38 s = 8 and 16."| 
L Fig. 39 s = 12 and 24.J 
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We therefore draw the candtLgion that the design of Fig. 38 is more suitahle 
for a geTieral purpose lathe, in which the range of spindle speeds is great, and 
the number of speed changes sniall; whilst that of Fig. 39 is applicable to 
toork which requires no great range of spindle revolutions, but a finer gradation 
in the changes of speed, or, in other toords, a larger nuniber of them. 



More than Two Double Gears 

Let us now considor the case of more than two double gears. 

Let there be any number (m — 1) of double gears ; any number (p) of 
countershaft speeds ; and, of course, any number (q) of cone steps. Then the 
highest gear ratio is (Table D) — 



Therefore 


g^^ = r^-'^ 


or 

As before. 


1 
r = gp{fn-ii9 


Therefore 


S, — gp(«*-i)9 = g « I 



To find how, in this general case, the value of the spindlenspeed ratio 
changes with p and with m increasing, we may plot curves of the expression — 

<"^ - li) 

fV , or of S. itself for the more usual values of g 
m — 1 

The values of S^ have therefore been calculated for double-geared lathes 
with one to four back gears, for one, two, three, and four countershaft speeds, 
and four cone steps. (The same results would be obtained for two cone steps 
if there were two, four, six, and eight countershaft speeds ; so long as the 
product pq remains the same.) 

These values are shown in Table LI., and have been plotted in Figs. 78 
and 79. 

By following along the lines of the table, or the curves of Fig. 78, we can 
observe how the ratio of greatest to least spindle speed (for double-geared 
lathes) varies for a given number of double back gears as the number of 
countershaft speeds is increased. 

We see that this ratio increases with increasing numbers of countershaft 
speeds ; at first rapidly, afterwards more slowly [and if pq could be made 
very great, S, would approach certain values, viz. 256 for one double gear, 64 
for two, and 40*3 for three, without ever reaching them]. 

By following down the columns of the table, on the other hand, or 
considering the curves of Fig. 79, it is apparent that the spindle-speeds ratio 
diminishes as the number of double gears increases, at first very rapidly, 
afterwards more slowly [and with m very great, Sr would approach the value 
[^ without ever reaching it]. 

Referring, for example, to Fig. 78 ; let it be supposed that S,. = 30 {i.e. 
that the ratio of highest number of spindle revolutions is thirty times the 
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lowest) ; then, by going across the horizontal line marked 30, we see that the 
following five different designs of headstock will fulfil the requirement. 



Variation of Sr with number of countershaft speeds 

and cone steps for lathes with one, two, three or 

four double gears. 
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Fig. 78. 



Alternative Designs to give -^ = 



a. 80, 



Number of doable 

gems 

[6 = (»-!)]. 


Total rmtio of 0Aid 


Number of counter- 


NnmberofconeBtepB 


Number of spindle 
speeds 


1 
2 
2 
8 
4 


(about) 10 to 1 
„ IStol 
„ 12 to 1 
„ 14 to 1 
., 17 to 1 


1 

\ 

2 


2 
2 
4 
4 
5 


4 

6 

12 

16 

50 



There is thus presented a choice of designs, from which the most suitable 
may be chosen. Similarly for any other spindle-speed range. 
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Lathes with Treble-compound-gbared Headstocks 

In oonsidering this case we have to remember that of the three pairs of 
wheels which run in sequence when the highest gear is being used, one pair 
is usually made available as the first pair of wheels in a double gear drive. 
Fig. 45, etc., of Chapter XIX., shows such an arrangement. In ascertaining 
the ratio of spindle speeds which can be obtained by treble gearing, we cannot 
therefore assume for (g) the greatest constructively convenient or proper value 
of a pair of gears (spur and pinion, i,e.) and make the treble gear equal to the 

Variation ofSr with number ofbactt gears in double 

gear lathes with one, two, or three countershaft 

speeds and two or four cone steps. 




A^vmAer ^ JbacA aears 
Fig. 79. 

cube of this ratio. The first pair will have a ratio which has reference 
possibly more to its connection with the lower than with the higher 
compound gear. 

We shall first consider a headstock in which the cone is on the spindle, 
as in Chapter XIX., and in particular Fig. 45. In such headstocks we have 
usually at least three modes of connection between cone and spindle, viz. 
direct, double gear, treble gear (i.e. m = 3). [When the cone is off the 
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spindle, on the other hand, we may have, as in Fig. 50, m = 2 only ; i.e. one 
single gear, and one treble gear connection of cone to spindla] 

If, then, in Fig. 45, we take |? = 1, j = 4, and m = 3, then in Table A 
we have — 



m 


1 Name of 


gear. 


Speeds. 


Gear ratio. 




1 
2 


= Direct . . 
Donble 


. . . . 


lto4 
5to8 

9 to 12 


Step ratio r^ « 

D B 
R, = r* = ^X-^=^, xsr, 

-, ^ G E B 

Rs = »^ = p X ^ X ^ = fif^ X ^3 X Sf, 




3 


Treble . . 







If, now, we took jri = ^rg = (^4 



then 



91^ = ^ 



or 


r = gi*' 


That is, in this case 


r = gi\ 


bnt 


S, = r"~-' = r* 


Therefore 


S, = g,^ = g,*-^ 




PiQ. 80. 



Now, if the double gear were, as here supposed, entirely independent of 
the treble gear, we should have an arrangement such as that shown in the 
annexed figure (80). 



Then 

bnt 
Therefore 



El = 5^2 X 5^0 = ^ 



r = g^ 



And if ^2 were equal to g^, we should have 
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TABLE a. 








Thua with g^ = g^-gi. . 


8 


i " i 


4 


5 


1 

6 


We should have gf j = ^o . 
r 


' 2-28 
1-51 
93 

1 


1 1 
1 2-66 1 

1 ^'^ 1 
175 


2-881 
1-688 
805 


3-344 
1-828 
766 


3-835 

1 1-958 


AndS^ 


1667 



As matters are arranged in Fig. 45, however, we should find that g^ would 
be equal to g^, and g^ equal to g^. Then, again, taking p = 1, we have ^i" = r*, 
or gx = T^. Again, g\ X g^ X. g^ =^ r*, or r^ X ^4^ = r* ; i.e. g^ = r^. Also 
gi^ gi X r**. We have, therefore — 



And since 

we finally obtain 



r = g,^ 



TABLE 6. 



Thus with (74 = ^j . . . 


3 

2-078 
1-442 
56 


3-5 


4 


1 
5 


6 


We should have gf, = fif, . 
r 


2-305 
1-519 
99 


2-52 
1-59 
161 


2-93 

1-71 1 
864 1 


880 
1-82 


AndSr 


716 



The advantages of the design of Fig. 45 over the hypothetical arrangement 
of Fig. 80 are now clearly apparent. It is true that a given spindle speed 
ratio {e.g. 176) can be obtained in the manner shown in Fig. 80, with a 
smaller value of the greatest velocity ratio of any one pair of wheels than 
with the design of Fig. 45 (3-5 to 1 for Fig. 80, as against 4'1 to 1 for 
Fig. 45) ; but this advantage is but small as against the first cost of the 
increased number of wheels (10 as against 7) required by Fig. 80. Large 
ratios, such as 5 or 6 to 1, may be used with impunity when the spur wheel is 
on the face-plate, and more especially if the gear is internal. The design of 
Fig. 80, on the other hand, has the advantages that it enables the pitches and 
proportions of the gears to be better adjusted to their respective requirements, 
and that the gears will be much more durable, i.e. retain their shape, and 
therefore run smoothly for a longer time than those of Fig. 45. In the latter, 
the first pair of gears have to be in use at all times, when either the double 
or the treble gear is in action. Whether these advantages are worth the 
extra first cost and the extra complication of the gear-changing mechanism, 
is a problem which can only be answered by practical experience. 

With regard to the effect which an increase of the number of treble gears, 
on the one hand, or an increase in the number of countershaft speeds (or of 
cone steps) on the other, has upon the ratio of greatest to least spindle speed 
of revolution, it is to be expected that the same results will be produced as 
were found above for double gears. 

On the assumption that the three pairs of wheels which are in gear 
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when the highest treble gear is in use have all the same velocity ratio 
(t.e. /7i X ^3 X 5^4 = g\), we find (using Table D) that this highest gear 
ratio — 



B. 



— n,^ 



Therefore 

or 
But 

Therefore 



» 1 


= 




gi X 


9a 


X 


9i 


= 9i 


gi 


= 


r a 












T 


= 


gi''-'^ 












s. 


= 


^M"»-i 












s. 


r= 


(Jpgim-l) = 


: g m 


-1 









Variation of 8r with number of back' gears in treble 

geared lathee with one, two, or more countershaft 

apeeda and two or four oone steps, 

4^ 




Fig. 81. 

The values of S^ obtained from this expression have been calculated, and are 
tabulated in Table LII., and plotted on Figs. 81 and 82. The same use 
may be made of these curves, or of the lines and columns of the table, 
as has already been exemplified for double gears ; and it is clear that the 
effects upon S^ of increasing the number of spindle speeds in the two different 
ways above specified are of a precisely similar character to those obtained for 
double gears. 

It may be objected that these tables and curves are of but little practical 
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value, by reason of the fact that the first pair of wheels almost always form 
a component part of a previous or lower treble or double gear. It is easy, 
however, to allow for this in any given case. 

Thus, in the two examples worked out above of Fig. 80 and Fig. 45, wo 
find that for Fig. 80— 



whilst for Fig. 45 



S, = gx «e - 



Variation of 8,. with number of countershaft speeds 

and cone steps for lathes with one, two, three, or 

four treble gears. 
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If, then, we have found from Table LII. (or Figs. 81 and 82) the most 
suitable value of g\ to give any required spindle-speed ratio S„ we can at 
once obtain g^, the higher wheel-pair velocity ratio which is required at the 
face-plate when the pair of wheels next the cone are used also for the double 
gear by simply equating — 

g(Pgw 1) 4(j>9m-i) 

<7i n and ^4 ^ 
We then immediately obtain in this instance — 

g^ = ^1^ 
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It is clearly impossible, in the space here available, to pursue, and it is, 
indeed, doubtful whether any good purpose of practical usefulness would be 
served by the pursuing of these investigations into more complex arrange- 
ments of headstocks. 

Enough has been done, at all events, to establish one or two general 
principles, and to point the way by which any one must travel if he wishes 
to compare the kinematic advantages of different types of drives ; so far at 
least as changes of the number of countershaft speeds, of cone steps, or of 
compound gears are capable of influencing them. 

It must also be borne in mind that in this investigation we have 
devoted our attention only to the effect which different designs have upon 
the ratio of greatest to least spindle revolutions, and upon the number 
of different spindle speeds which are obtainable with them. Now, this 
spindle-speed ratio is never required to attain very high values. A reference 
to Tables XXVI., XXXVII., and XLV., ante^ will show what these values are 
likely to be lor different types of lathe and kinds of tool steel. The values 
of S,. are seen to be in general small enough to be of fairly easy attainment 
in many different ways ; and the important consideration arises of the effect 
upon the belt width, and upon the gear pitch and width, of the various 
arrangements of drive which we have been considering. This may turn out 
to be of sufficient importance to decide the question of the design on its merits 
alone, leaving out of account, as a subordinate matter, the securing of a high 
spindle-speed ratio. Upon inquiry we find the following state of affairs : — 

The general result obtained in the present investigation is that a large 
number of compound gears is inferior to a large number of countershaft or 
cone speeds in producing high-spindle speed ratios. We find, however, upon 
reference to our Chapters X. to XVIII., that precisely the contrary is the case 
with regard to a good belt drive. A large number of back gears gives a small 
belly whilst a large number of cone steps makes but little difference to the belt ! 
Thus, in Table XXXIX., we find that for an 18-in. carbon steel lathe, by 
increasing the number of cone steps from three to four, the belt width is 
changed only from 91 in. to 9*4 in. with three back gears, and from 7*6 in. 
to 7*5 in. with four back gears ; whereas, keeping the number of cone steps 
the same (say four), and increasing the number of back gears from three to 
four, the belt width is brought down from 9*4 in. to 7*5 in., t.«. by 
nearly 2 in. 

Thus it appears that great care must be exercised when drawing con- 
clusions regarding different types of headstock. Every side of the question 
must receive its due and proper amount of attention ; and the design is of 
the nature of a compromise which best fulfils the various conflicting con- 
ditions of the problem. The effect of different headstock designs upon the 
economy of machining in the lathe is discussed in Chaps. XL. to XLIII. (below). 

All-gear Headstocks 

In Table L., above, we have given the values of the ratios of the various 
compound gears in terms of r, jp, gr, and m for headstocks, with cone pulleys 
either on or off the spindle. Although this table appears sufficiently 
elaborate, being carried out so as to include the general case — i.e, where 

L 
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there are any number (jp) of countershaft speeds, any number (m — 1) of 
back gears, and, of course, any number (5) of cone steps — vidt Table D — 
it is really not a complete statement of the whole question. 

It has been either tacitly assumed or explicitly stated throughout our 
previous investigations that, in running through the speed changes from the 
highest to the lowest, the only method allowed or adopted was, that the belt 
was to be shifted successively from the smallest to the largest step of the 
cone before making any change in speed of the countershaft. This was 
described in Chapter VIII. as method A. According to the other method — 
B of that chapter — ^the next lower speed is obtained by leaving the cone 
belt unaltered and shifting the belts on the countershaft pulleys so as 
to drive that shaft at a slower rate of speed. We there characterized 
method B as bad practice, on account of the great diflference of cone-step 
diameters which results. This makes it difficult to shift the belt, gives a 
bad drive on the smallest cone step, and, most important of all, entails an 
excessively wide belt in order to transmit the required power. We therefore 
considered it unnecessary to devote our attention to designs involving the 
method, named B, of obtaining speed changes, but adhered throughout to a 
discussion of method A alone. 

In the case of all-gear heads, however, the alternative method referred to 
is not to be so lightly dismissed. The three objections mentioned above no 
longer possess the same validity. There are now neither cone steps nor a 
belt to shift upon them, and, on the other hand, certain important advantages 
may be secured by adopting method B. 

These methods, redefined to suit the altered circumstances for all-gear 
heads, may be stated thus : — 

(A) On the assumption that there is more than one speed of the counter- 
shaft from which the single belt pulley of the aU-gear headstock receives its 
power, a series of successively diminishing speeds may be obtedned by 
changing the gears in the head from the lowest to the highest, whilst all the 
time keeping the countershaft running at a constant speed. When a still 
higher speed is required, the lowest gear in the head is reverted to, and the 
next higher speed of the countershaft is put into operation, the same series 
of changes of gears in the head being then again repeated, and so on through 
all the possible changes. 

(B) Still on the assumption of more than one countershaft speed, the 
successive speed variations may be obtained by making all the changes of 
speed available in the countershaft before resorting to any alteration of gears 
in the headstock. 

It will be found upon investigation that for the purposes of the discussion 
of these two methods with all-gear headstocks, the tables we gave above 
are either inapplicable or insufficient. It is, therefore, necessary to intro- 
duce a further set here in which the various gear ratios are tabulated as 
to their values in terms of the geometric ratio, of the number of counter- 
shaft — or motor — ^speeds, and of the various numbers of single, double, treble, 
or "n-tuple" gears. One set will have reference to method A, the other 
to method B. 

In the manner shown by Table XXVII. et seq., in Chapter VIII., we can 
easily obtain the various values just mentioned. The tables thus compiled. 
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similar to those on p. 42, are somewhat involved, and quite unsuitable for 
reproduction here. We therefore content ourselves with giving only the 
results which are required in practice : — 

Let there be any number jp of countershaft or motor speeds. 

Let there be any number a of gears in the first set (single, 6.^.). 

Let there be any number h of gears in the second set (double, e.^.). 

Let there be any number c of gears in the third set (treble, <j.^.). 

Let there be any number I of gears in the Tith or last set (n-tuple, 6.(7.). 

Then the following notation and results are afforded : — 

TABLE Lin 



Method A. 

AU headatock gears used in succession before 
any change is made in the countershaft 
speed. 



First gear of the Ist set, I. Bl = ^ 
Second „ „ L R2 = j/r 

Third „ „ L R3 = ^ 

And 80 on 
ath gear of the 1st set, I. Ra s= <^«-*' 

First gear, 2nd set, 11. Bl = gr^ 
Second „ „ U. B2 = ^r*»+i 

And so on 
ath gear, 2nd set, IL Ba = grr^A'+i)a-i 



Method B. 

All countershaft speed changes made in succes- 
sion before any change is made in the head- 
stock gears. 



First gear, 3rd set. III. Bl = gr^P' 
Second „ „ HI. B2=r gr*«+» 

And so on 
ath gear, 3rd set, IIL Ba = ^^+i»«- 

And so on 



First gear, nth set, NBl = gri'^-^^ 
Second „ „ NB2 = grH^-ii^+i 

And so on 
ath gear, nth set, NBa = gff »«-»»'' +"«- 

— gY^m-a)p^¥■a—l 

where m=ap the number of ways the driving 
pulley can be coupled to the spindle. 



First gear of the Ist set, I. Bl = 9 
Second „ „ I. B2 = <^ 

Third „ „ I. B3 = sfr^ 

And so on 
ath gear of the 1st set, I. Ba = gi**-^^ 



First gear of the 2nd set, II. Bl = gr^ 
Second „ „ U. B2 = ^«+«»' 

And 80 on 
6th gear of the 2nd set, II. B6 = ^■+»-hp 

First gear of the 3rd set, Itl. Bl= ^+»* 
Second „ „ m. B2 = ^•+*+iU' 

And so on 
cth gear of the 8rd set. III. Be = ^«+*+'-wp 



And so on 



Fir8tgearofthenth8et,NBl=r+«+»+- ••+*»»» 
Second „ „ NB2 = r<«+»+- —wh-di. 

And 80 on 
Ith gear of the nth set, NBZ = r««+»+-+*-H-ii») 

where m = {a + b-\ 1- Q the number of ways 

the driving pulley can be connected to the 
spindle. 



Also, 



c, = T^Ct = f^Ct = • • • = r<^-»% 
C| = fastest countershaft speed 
Cf — next countershaft speed 

Cp = slowest countershaft speed 



Also, 

c, = rCf = r«C3 = • • •= r^-kSp 
where Cj is the fastest countershaft speed 
„ c, is the next countershaft speed 

And so on 
„ Cp is the slowest countershaft speed 



And 



FinaUy, 



3,. = r*«v-i 
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In comparing the two schedules of Table LIII., we notice, amongst 
other diflferenoes between method A and method B, one very conspicuous 
ona This has regard to the number of gears there may be in the 
different sets. 

With B the number of gears in each set may be different for every set. 
Thus we may have three single gears, four double gears, two treble gears, and 
so on ; whereas, in the case of A, the number must be the same for all. If 
we have three single gears there must be three double or treble gears, if 
any, otherwise the countershaft-speed changes which give correctly increasing 
speeds for the single-gear changes would be unsuitable for the double- or 
treble-gear changes. 

The result of this is clearly seen upon inspection of the schedule of ratios 
just shown. 

As a first numerical example we may take the design of our Fig. 68 — 

Chapter XXI.-7-omitting, for simplicity, the pair of wheels ^ . 

We shall then have three single gears, three treble gears, and, if there 
are two speeds of the countershaft, there will be twelve speeds in all. Let 
us assume 207 as the highest and 23 as the lowest number of spindle 
revolutions ; then S,. = 9. 

The calculation then proceeds as follows : — 

(A) Adopting method A, i.e. assuming all the possible single-gear changes 
m the headstock are made before resorting to a chauge of countershaft speed, 
the same single-gear changes being run through again in succession with the 
second countershaft speed, and so on. 

Then ;? = 2, ?i = 2, a = 3, s = 12 

but S, = 9 

therefore r = 9^ 

from which we easily obtain r = 122 

From Schedule A we write down at once 

I. El = <7 = say §f = 241 
I. E2 = //r = 2-41 X 1-22 = 2945 = «§ 
I. E3 = gr^ = 2-41 x 1-486 = 3-59 = 52 
c,_ 500 _ 500 
"^ " 7^ " 1-228 ^ 1-815 ""^^^'^ 

The treble-gear ratios come next, there being no doubles — 

II. El = gr'^ = 2-41 X 1-22^ = 241 x 3-297 = 794 = J^ x Jg X 2-41 
II. E2 = gr'^''' = 241 x 1-22"^ 
II. E3 = gr'^*' = 2-41 x 1-22^ 

The speeds are then as follows : — 
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Single gears. 



Treble gears. 



207 



167 
600 



137 



112 



92 I 76 i 62 I 61 



42 



276 



600 



86 I 28*3 I 28-2 



275 



(B) Adopting method B, i.e. running through the successive counter- 
shaft speeds before making any change in the headstock, then shifting to the 
next headstock gear, repeating the countershaft changes, and so on, we 
have — 

p = 2, a = 3, 6 = 3, s =: 12 (as before), 

S, = r'-+*''-* = /^'-^ = r" ; /. 9 = /^ r = 1-22 

Using Schedule B, we at once obtain — 

I. El = ^ = say f ^ as before = 241 

I. E2 = ffT' = 2-41 X 1-22* = 2-41 x 1*486 = 3-59 = |g 



I. E3 = fjr''' = 2-41 X 122^ = 241 = 2212 = 532 = 



ci 500 ..^ 



11 
15J 



XL El = (/r^' = 2-41 x l-22« = 2-41 x 3-297 = 7*94 = J g x |§ x 241 
II. E2 = ^•'-+'"' = 2-41 X 1-22^ = 2-41 x 4893 
II. E3 = f/r*-**"* = 2-41 X 1-22" = 241 x etc. 

And the speeds are as before — 



207 
600 



167 
410 



187 
600 



112 
410 



92 ! 76 : 62 
500 I 410 I 600 



51 
410 



42 I 35 
600 i 410 



28-3 
600 



23-2 
410 



with a different lower countershaft speed. 

As a second example we may take the arrangement shown in Fig. 69 of 
Chapter XXI., where we have two single gears and eight treble gears. Method 
B is obligatory in this case, as the two sets have difTerent numbers of gears. 
Let ;? = 2. In Fig. 69 

5 = mp = (a + h)p = (2 + 8)2 = 20 speeds 

Let N, = 207, N, = 23, S, = 9 



Then 

or 

for 



r=9^== 1-123 
log 9 = 0-9542 

0'Q?54.9 

log r = —~ = 005024 = log 1-123 
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Let^ 



Then 



Also 



log r = 0-05024 
2 



0-10048 = log 1-26 



B 



I. El = 2 = j^{vide Schedule B) 



D 



I. E2 = ^r" = 2 X 1 123a = 2 X 1 26 = 252 = ^ 

II. Rl = (77-^^ = 2 X 1-262x2 = 2 X 1-26^ 
log T = 005024 



Thus 



or 



Again, 



Therefore 
Again 



Therefore 

or 
Also 

Therefore 
and so on^ 



0-20096 = log 1-588 
= 3176 

gx|x|=3176 = |xlx2 



H 
G 



= 1-588 



II. R2 = y +'" = 2 X 1-26'' 
log r = 005024 
6 



= 4004 



0-30144 = log 2-002 



lx!!x5 = 4= 1-588 X 1 X 2-52 = 4 (as it ought to be) 

(jT Xi C 

11. 113 = 8r'"+^'' = 2 X 1-268 

log r = 005024 
8 



= 5-046 



0-40192 = log 2-523 



J F B p, - .^ J -. rk 

T X :R X X = 5-046 = zp X 1 X 2 

1 E A 1 



= 2-5231 



i=i) 



II. R4 = 87-"'+'" = 2 X 1-261'' 

0-5024 = 1<^ 3180 
= 2 X 3180 = 6-36 

J X I X ? = 6-36 = 2-523 X 1 X 2523 = 6-36 (as it should be) 

II. EJ = ^r"*'-"' = 2 X l-26«'+8-i« = 2 X 1-26" = 16 05 



We thus obtain -r = 2 : ,, = 1 ; r< 

A Ji U 



1-588;^ = 2-53 = | = g 



Also 



_ C, _ 500 _ „g„ 
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If we attempted to use method A in this design, where there are eight 
treble and only two single gears, the second countershaft speed, which would 

be C2 = — , and which ought to fit in as the third change after the two 

^« 
single gears in the head had been run through, would obviously not be correct 
for a foUowing-on speed after the eight treble gears had been used with the 
first speed of countershaft. 

This seems a mere truism when looked at in this way, and is possibly 
well known to experts ; but to the aftthors it came as a surprise, having only 
been discovered to them by their analysis in connection with Table LIII. 



CHAPTER XXIII 

DESIGN AND PROPORTIONS OF POWER GEARS 

Two principal considerations govern the design of wheel teeth. They are 
strength and durability. The former depends upon the forces the teeth have 
to transmit, and also, indirectly, upon the speed of rotation, since with high 
speeds the teeth are more subject to shocks or blows, due to irregularity of 
motion. The latter depends not so much upon the maximum force to be 
transmittCvl as upon the number of hours in the working year the wheel is 
employed in transmitting power, and the proportion of the average to the 
maximum power so transmitted. In the rational design of gears we must, 
therefore, be prepared to consider not only the greatest torque which will aot 
upon the wheel teeth, but also the number of times per week or year the 
load due to that torque will come upon any given tooth when in work, and 
the proportion which the time the wheel is idle bears to the time it is 
working. 

With the advent of high-speed steels the conditions governing durability 
have become more important than ever before. Now that the speeds of 
cutting are so much increased, the provision of a geometrically correct form 
of tooth, to begin with, and the maintenance of that form during the life of 
that tooth, are absolutely essential for the preservation of the gearing from 
injury by shocks, and for ensuring a smooth finish upon the material. 

FormnlsB for Strength. — Of the three possible classes of gears, viz. machine- 
cut, machine-moulded, and those cast from a pattern, we propose to consider 
only the first two, as no pretence to accuracy can be obtained with the 
last-named wheels. 

When the teeth of wheels are machine cut, their shafts correctly pro- 
portioned for rigidity, and the bearings of these shafts of sufficient area and 
in good alignment, it may be taken for granted that the teeth of a pair of 
enmeshing wheels have a bearing along the whole width of the tooth, and 
that the load is uniformly distributed over the whole of that length. 

For the engineer the problem, then, becomes the simple one of a cantilever 
of span h, breadth 6, depth d, loaded at the end with a force P. If/ is the 
stress produced at the dangerous section — which may or may not be at the 
root of the tooth — we have — 

PA = ^ (73) 

The load does not always act at the out«r edge of the tooth, and very 
often more than one tooth on each wheel is in gear at once, so that only a 



(74) 
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certain fraction, say 1/eth of the bending moment PA, really acts upon a tooth. 
In that case we have — 

e ~'6' 

P = -6A- 

For any given material, velocity ratio and form of tooth, the proportion 
of depth or thickness of tooth at the root and of span or height of tooth to 
the pitch of the teeth is a constant. 

Let il =r op, and A = j3p. Then (74) may be written 

r=^V=|^/ (75) 

Putting y for ^ , we obtain the well-known and much- employed formula 

of Lewis — 

P = ypi/ (75a) 

For the values of y and / as worked out by Lewis from a series of 
drawings of teeth for the involute, cycloidal, and radial flank system, see the 
tables given below (from " Kent's Pocket-book "). By means of these 
drawings Lewis determined the position of the dangerous section for each 
variety, and the ratios to the pitch of the tooth-height and of the tooth- 
thickness at that section, and hence the values of a and j3, that is y, were 
known. Throughout the table Lewis assumed c = 1, i.t, only one tooth to be 
in gear at a time. 





TABLE 


LIV 






TabU of Leim' 


Values of y. 




Number of 
teeth. 


Involute (20 deg. obliquity). ' 


Involute (15 deg. obliquity; 
and cycloidal. 


RadUl flunks. 


12 


' 0078 


0-067 


0-052 


13 


0-088 1 


0070 


0-058 


14 


0-088 


0072 


0-054 


15 


0092 , 


0075 


0056 


16 


0094 


0077 


0056 


17 


0096 


0-080 


0-057 


18 


0-098 


0-083 


0-058 


19 


0100 


0087 


0-059 


20 


0-102 


0090 


0060 


21 


! 0104 


0092 


0061 


28 


0106 


0-094 


0-062 


25 


0108 


0-097 


0-063 


27 


0111 1 


0100 


0-064 


80 


0114 


0-102 


0065 


84 


0-118 


0-104 


0-066 


88 


0-122 


0-107 


0-067 


48 


0-126 


0110 


0-068 


50 


0-180 


0-112 


0069 


60 


0184 


0-114 


0-070 


75 


0188 


0-116 


0071 


100 


0142 


0-118 


0-072 


160 


0146 


0-120 


0K)78 


800 


0150 


0-122 


0-074 


Kack 


0-154 1 

1 


0-124 


0-075 



-H-5|P) 
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TABLE LV 
Leu^'* Values off. 










Speed fa feet per 
nlDoto. 


100 or lev. 1 


200 


300 


600 


900 


laoo 

2,400 
6,000 


1800 

2,000 
6,000 


2400 


Caat iron . . 
Steel . . . 


8,000 

20,000 

1 


6,000 
16,000 


4,800 
12,000 


4,000 
10,000 


3,000 
7,600 


1,700 
4,800 



The values of e f or A = 0'55p are given in the accompanying table, and 
plotted in Fig. 83. To obtain the values of e for any other proportion of 
height to pitch of tooth, the following expression, in which r is the velocity 
ratio of the gear, may be used : — 







TABLE LVI 










Values of e. 












Nvmber of teeth in pinion (Ti ) 






(t1) 












10 


" 


20 


35 


Itol 




1-28 


1-604 


1-74 


1-945 


2tol 




1^42 


1-788 


2-01 


2-246 


4tol 




1-666 


1-906 


2-2 


2-468 


6tol 




1-61 


1-972 


2-28 


2-646 


8tol 




, 1-64 


201 


2-82 


2-69 


lOtol 




1 1-66 


2-08 


2-846 


2-62 



From this table we perceive the advantage of keeping the velocity ratio 
high, the number of teeth large, and the pitch fine if a large fractional 
engagement is desired. The velocity ratio is, however, otherwise limited by 
the costliness of the larger sizes of spur wheels, so that a large velocity ratio 
reaUy means a small pinion with few teeth, which, as the table shows, gives 
poor values o{ e; so that a fine pitch, or a large number of teeth, is really the 
desideratum to be aimed at. 

Variatecii of € u/it/i Patio and 
Number of Teet/^ in Pinion, 
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The authors' experience with Lewis' formula points to its giving exces- 
sively strong teeth at low speeds of revolution. The following cases may be 
cited as examples of this : — 

(1) A face-plate pinion of machine-cut cast iron for a large lathe had 16 
teeth of 3-in. pitch, 7i-in. width, and loaded with 42,000 lb., the speed being 
18 ft. per minute at the pitch circle. According to Lewis, the permissible 
load on such a pinion is only 14,000 lb., and the pitch it would have had if 
his formula had been followed is 9 in. Even allowing a breadth of 12 in., 
the pitch would have had to be 5'7 in. 

(2) A face-plate pinion of mild steel, machine-cut, had 14 teeth of 
2|-in. pitch, with a width of 8 J in., to carry a load of 85,000 lb. at 28 ft. 
per minute. The safe load, according to Lewis, would only be 32,700 lb. 
According to the formula developed further on, we should have for these 
two cases the following proportions : — 

Case I. — To find the pitch, the breadth being determined by fonnula (79) 
on p. 157. 

^^/Px/NiY / 42,000 v^ Y«q.n:„ 
^ ^\30006«/ ^\3000 X 7-5 x 2/ - ^^^^• 

Or by formula (81) 

„ P\/Ni _ 42,000 X \/4~5 _ 
^ "■ i2,000c " 12,000 X 2 ~ '^ ' '^• 
Case IL— 

^ V90006e/ - V9OOO X 8-25 x 2/ "^ "^^^ 
By formula (81) 

_ P\/Ni _ 85,00qv/9 _ 
^ " 36ft60~e ■" "36,000 x 2 "" * 

From these and many other examples it appears that Lewis' formula is in 
error, in that it gives results in excess of the requirements, more especially 
at the slower speeds. 

The following formula has been constructed by the authors for the 
purpose of designing gears for lathe headstocks. It is based upon an 
exhaustive comparison of over two hundred examples taken from practice 
during the last few years. It gives results which are in accordance with the 
most modem types of headstock design, both British and foreign, but gives 
widths of tooth which are somewhat less than those which the experimental 
and theoretical investigations of Stribeck and Lasohe would lead to. 

We begin with the rational formula (75), viz. — 

^ [for which Lewis wrote y, and gave the value y = f 0124 =— J for 

15 deg. involute and cycloidal wheels up to fifty teeth — beyond which this 
value scarcely alters, so that the value for fifty teeth may be taken] may 
be expressed as follows : — 

y = ^=0019v/Ti (76) 



m. 
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where Tj is the number of teeth in the pinion of the pair of gears under 
consideration. Also the value of the allowable safe stress / is found to vary 
inversely as the square root of the speed of the pitch circle, since the greater 
this speed the greater the vibration and shock. Thus 



/= 



Hence 



0019v/TiC 



«p6 ^''^ y/Y 



(77) 
(78) 



(78a) 



Now V = T,2)N„ where N, is the number of revolutions of the pinion. 
So that 

V^ ^ 0;019v/T,c 0019c 
epb -v/Ti\/pNi ~ \7jpNi 

or ?^^^ = 0-019C = C = 3000 (79) 

oevp 

for cast iron machine-cut pinions. 

In using the formula (79) to find the value of p for a given P, N, and e 
for any material, the ratio o{ h to p must be assumed. The tendency of 
modern practice is to increase the ratio of width to pitch as the pitch becomes 
finer, and we have found the rule 

h = {2i+p)^/^ (80) 

to be most generally in agreement with the best practice. The values of 
breadth relatively to pitch so deduced are given in the accompanying table. 



:212 



1 

3-5 



4*9 



2 
6-85 



7-9 



8 
9-6 



8* 
11-2 



4 
13 



The formula may then be written 



or 



'e(2i+p)p ^ 

= 3000 for cast iron 

= 6000 for phosphor bronze 

= 9000 for mild steel 

3Q00~6' " ^^* "^^^ ^^^ ^^^ ^^^^ 

3000^ + 16 = ^ + "^)^^^ ^^^ "^^^ 



^ \/(1VNi + 4700) ._ . 

Hence — ^ — F^r-r= — 1'25 = » for cast iron . . . 

oDx/e 

and --- \r7,l / ^ 1-25 = ^ for phosphor bronze 

and ^i^Vf^+ Mm _ 1-25 = p for mild steel 



(81) 



(82) 
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This may also be written in the form — 

Ti = - , -.-r ^'^^^^^ = (for cast iron) . . (83) 

^/(^v/Nl + 4700) - 69x/e ^ / v / 

from which the number of teeth is known when the load, the revolutions, and 
the fractional engagement are given, and the diameter has been decided upon. 

The formula written in this way leaves somewhat to be desired in ^regard 
to simplicity. For any other desired values of 6/j? the formula (79) may, 
however, be employed. 

Another Method. — The method recommended by Bach, Stribeck, and 
Lasche, as the result of their investigations, is first to determine the width of 
the tooth from the consideration of its durability. A tooth of a given pitch 
can only be made more durable by increasing its width ; increasing the pitch 
diminishes its wearing qualities. This we shall now proceed to discuss mor^ 
closely. 

FormulflB for Durability. — The surfaces of two teeth in contact when 
transmitting power would, if incompressible, touch along a line having no 
measurable breadth, and of length equal to the width of the teeth. As, how- 
ever, the material of the surfaces must yield somewhat, the load on the teeth 
will act over a narrow surface of finite area, and the pressure produced per 
unit of that area will be more intense the narrower it is. Experimental data 
regarding the widths assumed by this contact area, with different shapes of 
teeth and under different loads, are, so far as the authors know, entirely 
lacking ; as also is any information regarding the action of a lubricant, which, 
by remaining as a thin film, even under intense momentary pressures, between 
these contact surfaces, may — under favourable conditions, as to small fre- 
quency of contact, ready renewal of the film, and not very dissimilar surface 
curvature — very greatly reduce the amoimt of metallic contact, and consequent 
wear of the teeth. Neglecting, however, any lubrication effiaot, it is next 
found that from the point of view of the securing of a durable form of tooth, 
the amount and speed of the relative movement of the one surface over the 
other is just as important as the width of that surface. 

The amount of abrasion of the tooth depends even more on the amount of 
sliding which takes place than upon the pressure intensity under which the 
load is transmitted. 

The study of this problem has received much attention of late in Germany, 
and engineering literature has been enriched by the contributions of Stribeck, 
Bach, and Lasche upon the subject. Stribeck's work was published in the 
ZeU&chrift des Vereins DetUscher Ingenieure for 1894, pp. 168 and 1187. 
Lasche's appeared in the same journal for 1899, pp. 1417 et seq. Bach's results 
are to be found in lus treatise on " Machine Elements." 

All we have space for here lb a short summary of results. If the wear of 
a tooth is proportional to the specific pressure (i,e. load divided by area of 
contact surface at any instant), due to the load and to the amount of relative 
sliding jointly, then some attempt must be made to determine these quantities 
for teeth of different shape and for the faces and flanks of any one given tooth. 
The amount by which two cylindrical surfaces will compress each other, 
which are pressed together whilst their axes are kept parallel, is some function 
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of the difference of their curvatures. The area of the " flattening," when two 
cylinders convex to each other are pressed together, will obviously be smaller 
than when a convex presses upon a plane or upon a concave surface. We 
may therefore expect that the area of the mutual surfaces of contact will be 
greater, and the specific pressure upon them therefore less, for cycloidal than 



fi^/ver 25 teeth. 




Driven iOO tectb 
Driver 25 teettt. 



^^S^ 




-r/zty/' 



Driven too teeth. 
Fig. 84. 



for involute teeth, for the flanks of the former are usually hollow, and the 
convex faces of the opposing teeth a better fit upon them than is the case 
with the latter. Involute teeth, being of convex-outwards shape over their 
whole working surfaces, are less favourably circumstanced in this respect. 

The amount of relative sliding of the various parts of the faces and flanks 
of the two varieties of teeth has been carefully studied by Lasche. For this 
purpose he divided the working profile of the driving tooth — Fig. 84 — into a 



i6o 
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number of equal portions marked 1, 2, 3, etc. He then determined the 
lengths of the corresponding portions L, II., III., etc., upon the driven tooth. 
The ratio of the lengths of the profile portions which work together then gives 
the amount of the relative sliding. 



Fig. 86. 




In the case of oycloidal teeth the amount of sliding is the same for all 
portions upon the same side of the pitch circle. 

For involute teeth the relative sliding is found — Fig. 84 — to be excep- 
tionally great at the point of the driven, or larger, wheel. It diminishes 
towards the root, at first rapidly, afterwards more slowly. 

Lasche consequently finds that for teeth of the ordinary lengths above 
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and below the pitch circle the involute tooth is inferior in wearing quality to 
the cycloidal. NotvnthstaTiding this, he recommends, as the final result of his 
work, that involute teeth be always employed in cases where the preservation of 
tooth form is of importance. Fig. 84 will at once explain how this conclusion 
comes to be the correct one. It is there seen that by shortening the face of 
the driven and the flank of the driving wheel, and vice versa, the obnoxiously 
large amount of relative sliding of the point of the driven wheel over the 
flank of the driver during the arc of approach is got rid of, and as a net result 
the average amount of relative sliding taken over the whole tooth surface is for 
involute teeth redTiced helow that for cycloidal teeth. The length of the arc of 
approach is, of course, diminished, but the total arc of contact is maintained 
the same as usual. A lengthening of the arc of recess is produced by the 
increased projection of the face of the driving tooth beyond the pitch circle. 

Teeth formed in this way are shown dimensioned in Fig. 86, and for 
comparison, the older proportions as usually employed are given in Fig. 85. 
Ttus highly efiBcient and very durable form of tooth has been recently adopted 
by Messrs. Joseph Adamson and Co., of Hyde, for their electric cranes, 
and a comparison of the two systems made by them is, by their kind 
permission, given in the accompanying tables LVII. and LVIII. 

TABLE LVII 
Table showing Increased Strength dm to New Proportions. 
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Teeth in ge«r--'^'^-^«>"K^'. 
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Number of 








Pilch. 


pitch 


teeth in wheel. 


fecelh in pinion. 












Old proportions. 


New proFortions. 




Old proportions. 


New proportions. 






In. 




in. 


in. 






50 • 


11 


4-8 




8-44 


8 


1-48 


116 


60 


12 


4-37 




8-49 


8 


1-46 


116 


60 


14 


4-44 




8-68 


8 


1-48 


119 


50 


16 


4-6 




3-67 


8 


1-50 


1-22 


60 


18 


4-66 




3-74 


8 


1-62 


1-24 


60 


20 


4-6 




8-8 


8 


1-63 


1-27 



Old proportions. 
Wheel teeth = 0-26 of pitch above pitch 

circle. 
Pinion teeth = 0-26 of pitch above pitch 

circle. 
Clearance = 0*07 of pitch. 
Total height of tooth = 0-570 of pitch. 



New proportions. 

Wheel teeth = O'lOO of pitch above pitch 

circle. 
Pinion teeth = 0-860 of pitch above pitch 

circle. 
Clearance = 0*060 of pitch. 
Total height of tooth = 0-600 of pitch. 

M 
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The advantages claimed by Herr Lasche for this form of tooth are very 
marked, and should, if well substantiated, lead to their more general adoption. 
In addition to the diminution of the wear to which they are subject, they are of 
much stronger form for a given pitch than ordinary involutes, and still more 
so than ordinary cycloids. They are also more easily machine cut, as the 
flank portions are more open and accessible to the milling cutter, and the 
cutter is more easily made and kept. There is also, of course, the advantage 
possessed by all involute teeth over cycloidal, that alteration of the distance 
between the centres of the wheels, due to wear of the shaft bearings, does not 
affect their smooth running. 

In case of the adoption of Lasche's form of teeth it must be remem- 
bered that the constants given in tables LIV. and LV. above for Lewis's 
formula are not applicable. They will give results much larger than 
necessary; the teeth, i.e., would be much too strong if calculated by the 
ordinary formula. The rational formula (75) is, however, available for the 
purpose by putting in the actual values of a and 0, and employing a suitable 
value for/, the sizes of the new form of tooth can readily be determined. 

For teeth of gimn form, the amount of wear in a given time, say one 
working year, will be proportional not only to the above-mentioned factors, 
load per unit of contact area, and amount of relative sUding; but also, of 
course, to the number of contacts made by a tooth of the smaller wheel in that 
given time. 

This must therefore be borne in mind in designing teeth for wear ; as a 
pinion which stands idle half the year need not obviously have so great a 
breadth, even if it have on occasion to transmit equal power, as one which is 
constantly employed in conveying work for all the gears indiscriminately. 

The formula proposed by Stribeck, and endorsed by Lasche, for deter- 
mining h, the width of the teeth of a given pinion, ♦.«. pair of wheels, which 
makes N revolutions per minute and transmits an average load P, is — 

PN 

—5- = constant 
eb 

This may be seen to follow from the assumptions above mentioned — that 
the wear is proportional to the specific pressure, the relative sliding and the 
number of contacts per minute, as follows. 

P 

Let e be the number of teeth in contact at any one time ; * then - is the 

e 

load taken by any one tooth, on the assumption that that load is shared 

equally by the e teeth in contact. If A a? is the (unknown) breadth of the 

above described " flattening," or surface of mutual contact, then the specific 

P 

pressure is - , ^ • The relative sliding is a number obtained by dividing the 

lengths of the little arcs I., II., III. (Fig. 84) by the lengths of their cor- 
responding arcs 1, 2, 3, on the driving and driven wheels. This number 
depends only on the form of tooth and its height above and depth below the 
pitch circle. Let it be denoted by the letter z. Then the wear is propor- 

p 
tional to -r-r-; and to z conjointly when the wheels run at a given speed. 

* Here e la not necessarily integral. Comp. Lasohe loo, cU, 
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Lastly, sinc5e any pinion tooth has as many contacts per annum with the 
teeth of its mating spur wheels as it makes revolutions per year, the wear 
will vary as cN where N is the turns per minute the pinion makes when in 
gear, and c is the ratio of the hours it works per annum to the total hours in 
the working year (say 3000). 

If, now, the wear is not to exceed a certain amount (0) inches per annum, 

zPcS 
we must choose 6 so that the expression -r— (to which that wear is propor- 
tional) shall not be greater than a certain numerical value, fixed by practical 
experience, or special experiments. In other words— 

eb^x < 

or 7- = — = K^ = a constant 

eo z 

For any given ratio of diameters of spur to pinion, and for a given tooth 
form, e is known. For ordinary lathe headstock first-motion pinions, for 
example, e does not diflfer much from z, when the height of the tooth is 055 
of the pitch. Thus we may write for such gears — 

P^ -- K = i 40,000 for cast iron, machine cut 
eb 1 100,000 for steel, machine cut 

Procedure in designing Gears in general— First find P, the load on the 
teeth ; e, the number of teeth in gear at any one time ; and N, the number of 
revolutions per minute the smaller wheel makes; also c the ratio of time 
working to time idle. 

Then the breadth is determined from — 

* = 1K^- (84) 

The pitch must now be determined by using the rational formula (75), 
which may be written 

P a« , 

The constant L depends upon : a the ratio of thickness to pitch, j3 the 
ratio of height to pitch, and / the saie allowable stress. As already men- 
tioned, / depends upon the speed; because the higher the speed the greater 
the shock upon the tooth — that is, the greater the value of the alternation of 
the stress, and the greater the rapidity of its repetition. Wohler has shown 
that fatigue of the material sets in, or, in other words, the life of the tooth 
will be shorter the more rapidly the stress alternates, and the larger the 
difference between its greatest and least values. Bach has put forward the 
suggestion/ = A - B^/N for the value of the safe stress where A and B are 
constants depending on the material and nature of the loading, and N is the 
number of revolutions per unit of time of the pinion. 

K 
In what follows we propose to adopt the form / = —^ on account of its 

greater simplicity. 



i64 LATHE DESIGN 

The values of ^^, which give the best agreement with recent pi^actice, are 

given in the following statement. For casL-iron gears, machine-cut — 

p ^ _a2K ^ 2400 
^J 6/3\/N \/N ^ ^^ 

For steel gears, machine-cut — 

P 7200 
^pJ = 7N ^^^^ 

In applying this method of designing gears, whereby first the width is 
found from equation (84), and tliia width being substituted in formula (85) 
gives I?, it must be pointed out that the width so obtained will be much too 
narrow for wheels running at slow speeds. In those cases the width would 
be taken at not less than 2p, and this value being inserted in (85), the pitch 
be found. A preliminary calculation to decide upon a suitable width may, 
of course, be made, if necessary. 

For example, we may calculate the widths and pitch for the two cases 
cited on p. 156. Case I. To find the breadth we have — 

, PN ^ 42,000 X 45 ^^._. 

^ " 4"0;000^ "■ ItpOO^xT "" ^ ^^^ ^^ 

To find the pitch we have 

_ Pv/N _ 42,000 \/4-5 _ 
^ " 240065 " 2400 X 2 "x 2*365 " '^ -^ ^^• 

This gives a width less than 2 j?, which is not in accordance with practice. 
Taking, therefore, 6 = 7 



42,000v/4-5 ^ .. . 

P = -2 400 X 2 X 7 = 2*'^ ^^• 



Case II. 



r... . .,x, PN 85,000 X 9 ^ Q^ 

The width = ^^^-^^^^^ = lopoox-^ = ^'^^ 

.^. ., , P\/N 85,000\/9 . . . 

and the pitch p = ^^OOfte = 7200 X-3^82-x 2 = * ^ ^^ 

Putting, however, 6 = 8^ we obtain — 

_Pn/N__ 85,00 0v/9 _g... 
^ "" 7200^ 7200 X 2 X 825 " 

The conclusion is that, in both cases, the teeth might have been narrower 
and finer in pitch than they were made. 

PcN 

Tlie formulae (84) and (85) for the design of teeth, viz. b = gQQAQ» ^^^ 

\/N P 
p 5= ^— - y, in which e is taken equal to 2, do not, as we see, give good 
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results when the speed of revolution is low. This matter may be further 
elucidated as follows. We may eliminate P between (84) and (85), writing — 

80,000ft ^ 4800 X y5 

~ N -v/N 

^^-mw^^V^ ^^^^ 

From this we see (1) that if N be equal to 16*7*, say, 280 revolutions per 
minute, the pitch will be 1 in., irrespective of the value of P ; (2) the pitch 
will be greater than 1 in. if N be less than 280, no matter how small P may 
be; (3) the pitch will be finer than 1 in. if N be greater than 280, no matter 
how great P may be. 

The paradoxical result (2) simply means that our formula (84) gives 
widths of teeth for low speeds which are unsuitably small, and that the pitch 
must be correspondingly coarse to make up for that. Obviously, the finer the 
pitch consistent with strength, the more smoothly will the gears run, and, in 
order to secure the requisite fineness of pitch for low speeds, it will be better 
to limit the range of speed within which (84) and (85) are applicable without 
modification. 

Let 280 revolutions per minute be the *' critical " speed, and let the actual 
speed in any given example be N" = ?i x 280. Then in (87) we have — 

« = 1^ = _l^_ = J (88) 

^^ * = -SpOO- = 285 ^^^> 

Therefore U |^* (90) 

Now when - = 3, in equation (90), P = — |- 

* o T> 855 

when - < 3, „ „ P < — nr 

P 7l« 

and when - > 3, „ „ P > — r- 

P 71' 



But if N = 280, n = 1 ; therefore 
z / less than, \ ( less than, \ 

V 



iless than, \ I less than, \ 

equal to, or | 3, according as P is | equal to, or | 855 
greater than ) ( greater than ) 



If, then, in any instance N is less than 280, we shall do well to put J = 3p 

in the formula p = ^^ttjt x, and obtain 
4800 

_ \/N P^ 

^ "" 4800 ip 

^=i^'„ <«) 
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as our working formula for determinii^ the value of the pitch. This will 
always give a suitably fine pitch for gears which have relatively low speeds 
of revolution, and the width will be three times the pitch. 
For steel wheels the formula is — 

^ = Sfo (92) 

We may exemplify the use of the above formulae by considering the 
design ot first viotion pinions for lathes with cones mounted on the spindle. 

As we have more than once already pointed out, lathes of this type for 
high-speed or " compromise " purposes ought never to be made of more than 
10-in. centres, as otherwise the power they ideally need can only be supplied 
by making the belts extravagantly wide. We shall, therefore, limit the 
calculation to lathes of 6-in., 9-in., and 12-in. centres. 

The Load on the Teeth. — We shall take the load on the teeth to be that 
which will transmit the power required for taking the standard area of cut 

(A^ \ 

nTrxTi square inches j at its proper cutting speed, say, for a compromise lathe, 

viz. i; = jr- + 15 — equation (65) of Chapter XVI. 

The required cutting horse-power is {vide Table XLIII.) GHP,^p = 4 



+ 55- 








We have for 


A = 6in. 


9 m. 


12 in 




GHP = 4-7 


5-5 


6-6 



Speed of Sevolution of the First Motion Pinion. — We shall take it that the 
pinion runs, when transmitting the above required horse-power, at the highest 
speed of the cone, which in this design of lathe is also the highest speed of 

the spindle. This — by Chapter XVI. — is TSg = — v— ; 

and for A = 6 in. 9 in. 12 in. 

we get N = 460 306 230 revolutions per minute. 

If P is the load on the pinion at its pitch circle of diameter, d inches, we 
must have — 

PXTrdN 



12 



= 33,000 GHP 



p 1 2 X 33,000 GHP - ^. . .^ ^ GHP 

or P = j^f- = 126,050 X -^^^ 

IT dN rfN 

From practical experience we find— see Fig. 87 — that when the spindle is 
not hollow the relation between size of lathe and diameter of first motion 
pinion is — 



BO that for 


h = 


ein. 


9 in. 


12 in. 


we have 


d = 


3iin. 


4iin. 


5 in. 


Hence 


P = 


370 


560 


725 


and, as above, 


N = 


460 


306 


230 
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PN 



From formula (84) I = -„ ,„„ = 213 in. 
and from (85) p - '^^^^ - 0778 in. 


214 in. 
0-95 in. 


2-08 in. 
114 in. 


h= 6 in. 


9 in. 


12 in. 


■which gives for - = 275 

P 


2-25 


1-82 



More usual proportions would be secured in this case — at all events for the 12-in. 

\/NP 
lathe— by taking 6 = 3p and using the formula p^ = tjIoo*' 

and we should then obtain p = 075 083 089 

h = 2-25 2-5 2-7 

*= 3 3 3 

P 

These pinions are intended to be of cast iron, machine-cut, and their 
proportions may be compared with those plotted on Fig. 87, which are 
obtained from practice for compromise and high-speed lathes. 

Another Method. — We may, on the other hand, decide to make these 
pinions of equal strength with the belts for compromise lathes as plotted in 
Fig. 35. We have therefrom — 









B = KA + 3) 










= iA + l 




for 






A s 6 in. 9 in. 


12 in. 


a belt width 






B = 3 in. 4 in. 


5 in. 


which at 






120 120 


120 lb. per in, 


gives a pull of 






360 480 


600 


Large cone-step diameter (2A) 12 in. 18 in. 


24 in. 


Pinion diameter 


(2 + 


•^ 


3J in. 4i in. 5 in. 



The load on the pinion teeth will be greater than that on the belt in the 
same proportion as the diameter of the largest cone step is greater than that 
of the first motion pinion. Hence these loads are : — 

For A = 6 in. 9 in. 12 in. 
P = 1235 1920 2880 

Now, the speeds at which the pinions transmit these loads are known, being 

the slowest speed at which the cone runs. These speeds are at once obtained 

ttA 
from Table XLVI. by the formula yo" ^i = 60V,, where V, is the belt speed 

1^ 

720 V 
when running on the largest step of the lathe cone. Hence ti, = — j- 

= 229-5 \\ 
A 
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Therefore for A = 6 in. 9 in. 

with V,= 7 7 

and A= 12 38 

we obtain »^ = 134 89 



12 in. 
7 foot-seconds (two back gears) 
24 
67 revolutions per minute. 
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All these speeds are below the " critical *' speed (280) discussed above, so that 
we may preferably use the formula 2?^ = y^Ioo' ^^^^^^ takes the width of the 
teeth three times their breadth. We thus obtain for the 6-in. lathe — 

o ViU X 1235 ^ ^^ , . , ^ . 

^ " ~ 'IMOO "" " ^'^^' P " ^ '°'' * " '^ '°- 

for the 9-in. lathe — 
and for the 12-in. — 



2 \/67 X 2880 ^ ^^p i 00 T. o o^ 

7.2 = — i4;4oo— = 1'^^^' -P = 1*28, * = 3-84 
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Tabulating the final results of the two methods, we have — 
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Porfc = 



6 



Pillions capable of transmitting GHP 
at the maximum cone speed 



fP=*| Jin. 
6= 2J 

hj 



3 



Pinions capable of transmitting GHP 
at the lowest cone speed 



p = ' 1 in. 
6= 8 
6. 



3 



9 



I 



12 



Jin. 
8 



11 in. 
8] in. 

8 



lin. 
8 

8 



H in. + 
3ii 
3 



Cast iron machine 
cut. 



Cone off Spindle. — ^We may next consider lathes in which the cone is 
mounted on a backshaft, and geared up from the spindle by a pair of wheels 
of ratio E, = \/A (comp. Chap. XVIII.). 

Speed of Botation. — This may be taken at the highest speed of the cone, 

NyEo = --T -y/K or N = - -=. The power to be transmitted is, as 



x.e, n^ 



h 



h^ 



beroreGHP = 4 + ~- 

Load on the TeetL — If d be the diameter of the pinion, we find from 
practical data that 

rf = 4 + g (ride Fig. 88) 



then, as before, we must have 

12 X 33,000 GHP 



r = 



»rrfN 



= 126,050^^? 



h. . . . 

/» . . . 
GHP . . 
P . . . 

80,000 

^ 48006 
h 



12 
5-3 

792 

12 

6-62 

196 
in. 
1-96 

In. 
0-69 

8-3 



18 
• 6 

G48 

18 

9-82 

324 
In. 
2-6 

in. 
0-66 

3-94 



24 


36 


48 
9-3 


60 
11 


72 


6-7 


8 


12 


562 


469 


397 


366 


324 


24 


86 


48 


60 


72 


14-4 


27-65 


46 


69-4 


98 


488 


966 


1570 


2230 


3810 


in. 
3-5 


in. 
6-6 


in. 

7-8 


in. 
10 


In. 
13 


in. 
0-68 


in. 
0-78 


in. 
0-84 


in. 
0-9 


In. 
1-0 


6-15 


7 


9-3 


" 


18 



From this table we see that formulae (84) and (85) give wheels which are 
of impracticable width when the loads are high, even although the speeds 
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are above the critical value. It would appear best to use the formulffi by 
fixing the ratio of ~ preliminarily, say — 



= 5 for pitches less than 1 in. . . 
= 4 for pitches from 1 in. to 1*5 in. 
= 8 for pitches from 1 in. to 2 in. 
= 2) for pitches above 2 in. . . . 



^ 24,000 

^ 19,200 

^/NP 



p« = 



!>• = 



14,400 

VNP 

12,000 



\/NP 



then takes values as shown above. 



The formula of the form »^ = ,^^^.,, 
^ 4800&/P 

We then obtain the following values for the pitches of the first motion 

pinions under discussion : — 



For lathes with h . 


. . . = 


« 


18 


24 


86 


48 


60 


72 


Taking- = 6 . . 


16 = 


0-5 
80 


0-6 
3-6 


0-7 
4-2 


0-98 
6-4 


— 


— 


— 


Taking - = 4 . . 


* 16 = 




— 


1-04 
40 


1-8 
6-2 


1-5 
60 


— 


Taking| = 8 . . 


' '16 = 


0-68 
1-9 


0-76 
2i 


0-9 
2-7 


1-2 
8-6 


1-5 
4-5 


1-71 
6-1 


204 
6-12 



If we adhere to - = 3 throughout — last lines of table — ^we obtain the 
V 
linear law ^ = 0*4 + 0223A for the relation between the pitch of the first 

motion pinion teeth and the height of centres, for lathes with cone off spindle. 

If we use formula (79), given in Chapter XXIII., viz. 



^ \30006e/ ^ I 1800/ 
(taking 6 = 3p and e = 2), we obtain the following values oi-p and h : — 



For lathes with h . 



: r. 



12 


18 


24 


86 


0-455 


0-596 


0-74 


1-09 


1-865 

1 


1-785 


2-22 


8-27 



48 
1-46 
4-85 



60 72 

1-763 I 2-22 
5-29 6-66 



and from formula (82) we obtain— 



For lathes withal. . . . = 12 

„ „ p. . . . = , 0-285 

b = m+pWp . . . . = 1-49 

I = 5-24 

P ' I 



18 

0-426 
1-92 

4-5 



24 
0-58 
2-85 


86 

0*945 
8-85 


48 
1-32 
4*4 


60 
1-64 
5-8 


72 
21 
6-67 


4-05 


8-55 


8-84 


1 3-24 

1 


318 
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These results give too fine a pitch for the smaller ; and, on the whole, we 
are disposed to recommend the use of the formula 

i)> = _?v^ (93) 

^ 14,400 

for obtaining the pitch of a cast-iron machine-cut pinion running at N 
revolutions per minute, which is to transmit P pounds of load. The width 
will then be three times the pitcL Some small saving may be secured by 
increasing the proportion of width to pitch for pitches below 1 in., and a 
correspondingly greater durability secured ; but it may be pointed out that, 
if a considerable amount of wear is to be allowed before the pinion is 
discarded, a larger amount of thinning may be permitted if the pitch is 
initially not too fine. 

Second Motion Pinions. — After the proportions of the first motion spur 
and pinion have been found, it is a simple matter to obtain those for the 
second motion and subsequent pinions. If Pi, Ni, di, and pi be the load, 
revolutions, diameter, and pitch of the first, P2, Ns, eZa, and p^ be those of the 
second motion pinions, then, since — neglecting friction — the work done by 
each pinion is the same, we have TrdiNiPi = trd^^^ ; and if we take the 
diameters of both pinions the same, or di = ^, we get 

PiNi = PaNa 

Let the ratio of the speeds of the first and second motion pinion shafts, 
i.6. |i = (7. ThenPiNi = Pa?\orPa=5'Pi. 

Now, if we have determined pi by the formula recommended above, 
p^ = IxAfT (^^^ ~ ~ ^)' ^® ™*y <^^tain j>2 at once m follows — 

. ^ V%Pa ^ _v/Nii7Pi ^ \/^\/NiPi ^ .- 
^ 14,400 v^x 14,400 14,400 ^'^^^ 
or ;)9 = pi\^g 

e,g, lathe of 36-in. centres, cone ofif spindle, as above, p^ = Ti ino — ' 

N 
hence pi = 1-2. Suppose =^- = 3 = ^r ; then v^3 = 1*32 ; so that p^ = lZ2pi 

= 1-32 X 1-2 = 1-58. 

The width of the second motion pinion teeth would, of course, be 3 x 1*58 
= 475 in. 

According to Lasche's formula 

,_ PN _ PN 
" 40,000e " 80,000 ^^^®^ ^ " ^^ 

we should have fti = 63, since PiNi = PgNg ; that is, if all the pinions are to 
be equally durable, they should all have the same width, and the ratio 

5 = - should diminish for the larger and slower-speeded wheels. If it be 

required to follow this rule, we may proceed as follows : — 
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Let Si = '. Then, as before, we find 



Now ip^ = 



or ^ = 



4800*1 

4800sa 
V^Ps 



4800^2 

but ^ =: &i = Si^i 



therefore 



or 



^^ 48005ii?i 

^ 4800n/;^5i|)i ih 4800«i j)i ^ ^^^ 



that is, to maintain the same breadth throughout a series of pinions, the 
pitches must follow the law 

ejj. for the 36-in. lathe above we should have, with 5i = 3, pi = 1*2 in. as 

before, and with ^ = =^ = 3, ^ = \/3 x 1"2 = 2*08 in. So that we should 

have for this 36-in. lathe — cone ofT — 

First motion pinion, diameter = 8 in., pitch = 1'2 in., breadth = 3*6 in. 
Second motion pinion, diameter = 8 in., pitch = 2*08 in., breadth == 3-6 in. 

A very convenient form of diagram for many kinds of lathe calculations 
is the logarithmic. Tfee diagram. Fig. 89, given below, is specially intended 
for the calculation of gear ratios, cone-step diameters, countershaft speeds, 
and in general for the determination of the quantities tabulated in Tables 
XXVII., XXVIIL, and LIII. In the diagram here presented the teeth 

P\/N 

are designed by our formula 'p = ToTw^i, which allows for durability as well 

as strength. 

We may first explain the rationale of the diagram, and then give an - 
example of its use. 

Let it be required to find the geometric ratio r for a given laihe, the 
values of N^ and N, and the number of speeds s being given. Then — vide 
Chapter VIII., eq. (35) — we know that 

Then we have (s — 1) log r = log S 

s - 1 log S 
or _ = -s_ 

1 log r 

If, now, we have two similar, say right-angled, triangles, ABC and Abe — 
see Fig. 90 — it is obvious that -j- = t^^ ; so that, if AC measures « — 1 on 
the same scale as Ac measures unity, the lengths AB and A6 will be in the 
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same proportion as log S and log ?•. If, then, we set oflf a scale of anti- 
logarithms along AX, i,e, a scale such that distances from A represent the 

N 
logarithms of all the numbers from 1 up to the greatest value of S = ^ we aie 

likely to have, and prepare one or more scales — such as AC — containing as 
many units as there are likely to be speeds, then by setting the number S on 




ftaitSSsVi?!^ ,v*v, ;'in**:;-:;^*--'^- 



"Wf'd /rJJ^iittfff 



the AC scale opposite the vertical BC through B where AB = log S, we 
shall find Ab = log r by looking opposite 6, the foot of the perpendicular, to 

AB, drawn from C, Ac being unity ; e,g. (Chapter VIII.) ^ = 70, 8 = 32. 

Here we put 31 on AC opposite 70 on AB, £Uid find A6 = r = 1*147. 

If the size of the largest cone step is A = 51*4 in., then the size of the 
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smallest is known from E= v-^jj, where g is the number of steps. Here 

g = 4, /. E = a . If we look opposite A on scale AX, where Ae is the 

perpendicular through point d, Ad being = |, we find 1*147* = 1'23, and 
E = g| = 41-8. 

Similarly, E^ the ratio of the two countershaft speeds, is R^ = t* = 1147* 
= 1-735, since we find A^ = 1-735 when/, ± to AX through/ at 4. 

Again, the first back-gear ratio Ei = r* = r^, or Ei = 1147« = 3-01, for 
Ai = 3 when AA = 8. 

Thus, at one setting of scale AC we can determine, with the assistance 
of the appropriate schedules as given in Chapters VIII. and XXII., all the 
important gear ratios for any given design. 




Some draughtsmen prefer this method to that by the use of logarithms or 
the slide rule. 

To use the diagram for getting the pitch of the teeth of wheels, as 

Px/N 

determined from the formula jp = t^tjt, we may first find the pitch which 

would be required to transmit a given load P at the desired speed N if the 
breadth were unity. 

We then have for ^i this pitch 



i?i = 



P\/N 
4800 



Thus, if the load on a cast iron pinion is 4800 lb. and the revolutions are 
one per minute, we take the bottom horizontal scale and run up the vertical 
line through 4800 until we cross the diagonal marked N = 1 ; the horizontal 
line through the intersection passes through a pitch equal to 1 in. If the 
breadth of the wheel is to be 3 in., however, we need only remember that 
the product of the new pitch pa by the new breadth 62 must be equal to the 

product of ^ X 1, since the old breadth was unity. Thus :Pa = £• If, then, 

we measure down a length on the left-hand vertical scale to the number 
corresponding to the breadth and set it upwards— in the dividers — from the 
old value jPi, we get jpa— 6.^. the new pitch is 033 ; if the breadth 62 be taken 
2 in.» ya will be 05 in., and so on. 



CHAPTER XXIV 

THE MAIN SPINDLE — DIFFERENT TYPES OF BEARINGS 

We now proceed to describe some examples of different types of bearings 
for lathe spindles, and we may b^in with 

Bearings for Small Lathes 

Figs 91 to 97 show the types of spindle beariugs most generally used 
in lathes up to 12-in. centres. In order that the alignment may not be 




Fia. 91. 

disturbed by wear, the journals may be made conical, as in Figs. 91 to 95. 
Fig. 91 shows a very early form, where the bush around the tail journal is 
keyed to the spindle, but can be freed to slide longitudinally upon it. In 
this design both journals and bearings were made of steel, hardened and 
ground between dead centres, then "dollied" into their places. Bearings 
of this class are to be seen in good condition to-day in lathes which have 
done hard and continuous work for twenty years. Phosphor bronze has 
lately taken the place of the steel for the bearings, and the spindles are 
made of a very hard steel containing about i of 1 per cent, of carbon, and 
having an ultimate tenacity of forty tons per square inch. The front journal 
in Fig. 91 is tapered towards the tail of the headstock and the rear journal 
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in the opposite direction. To allow for wear in the bearings two check-nuts 
and a washer are fitted to the spindle beyond the tail-bearing, similar pro- 
vision being made on the end of the tail journal within the cheeks of the 
headstock. To take up the wear of the front journal the thrust bearing — not 
shown — is withdrawn ; the screw within the washer on the tail journal is 
freed from the spindle, and the nuts at the tail of the headstock are tightened 
up until the spindle revolves in the bearing without shake. Tlie tail bearing 
is then adjusted by the inner nuts on the end of the sliding bush, and the 
screw within the washer is locked to the spindle to prevent the bush 
travelling back. Finally, the thrust bearing is readjusted. The wear being 
more to one side of the bearing than the other, the bush is frequently turned 
through half a revolution in the headstock cheeks, but should be reground. 

Another design of tail bearing of the same class is shown on Fig. 92. 
Here the lock-nuts and washer within the cheeks and the outer washer 
have been dispensed with. When the thrust bearing is withdrawn, and the 
lock nuts on the spindle tightened up, the journals mutually adjust them- 





FiG. 92. 



Pig. 93. 



selves to the bearings. When cutting towards the loose headstock, however, 
there is nothing to prevent the spindle travelling forward and jamming the 
tail bush in the bearing. To get over this difficulty, and still maintain 
the principle of self-adjustment, lock nuts and washer should be fitted to 
the sliding bush, as in the tail bearing of Fig. 93. Here the spindle is 
adjusted in the bearings by the nuts on the tail of the spindle ; the nuts on 
the sliding and rotating bush being slacked off whilst doing so, and tightened 
afterwards to take the pull on the spindle, as when cutting towards the loose 
headstock, whilst the thrust is taken by the washer and nuts on the spindle, 
and to the right of the tail cheek. 

The above type of bearing has been considerably displaced by that shown 
in Figs. 94 and 95. In this case the cones both taper in the same direc- 
tion, and independent adjustment is provided to each bearing. The bushes 
can slide laterally within the housings, and are locked by the nuts against 
the headstock cheeks. The general taper for such bearings is 1 in 6, some 
makers going as liigh as 1 in 8, whilst others, to reduce the risk of wedging, 
make it 1 in 5. This bearing (Figs. 94 and 95) is almost invariably made 
of phosphor bronze, or of cast iron lined with Babbitt metal. They are then 
considerably cheaper to manufacture than those previously discussed ; and to 
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this fact, no doubt, their adoption is principally, if not entirely, due. It is 
clear that unless the thrust bearing has been very accurately adjusted the 
spindle has a double chance of jamming in the bearings ; and, in fact, the 
great objection to conical bearings is their tendency, by reason of the back- 




ward thrust on the spindle and improper adjustment of the thrust bearing, to 
produce excessive bearing pressures with metal-to-metal contact and great 
friction. Some writers assert that if the taper be made so steep as to prevent 
jamming the bearing will be too short ; that, in fact, the conditions of cool 
running and moderate bearing pressure are mutually conflicting. This 




Fig. 95. 



assumes that both diameters are limited. There is no reason, however, why 
the top diameter should not be the same as the collar beyond the bearing, 
against which the chuck fits. This arrangement would give a long bearing 
with a large taper. Another objection raised is that the difference of the 
rubbing speeds between the top and bottom diameters of the cones produces 

N 
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unequal wear, and that the wear is greater at the larger diameter. This 
might be true if the bearing pressure decreased with the diameter ; but there 
is no evidence that it does. Owing to deflection, the pressure may be 
expected to be greater at the small end, and the wear might then be greater 
there. An examination of the bearings shows the same wear throughout their 




Fig. 96. 



length. The above objections to conical bearings would not be heard of if 
their cost of manufacture could be reduced, and the necessity for careful 
adjustment dispensed with. The persistence of this type amongst machine 
tool makers of repute, after thirty years of experience with it, is strong 
evidence of its general correctness. 

In order to obviate these supposed difficulties, many makers have dis- 
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carded the conical spindles altogether in favour of the designs shown in Figai 
96 and 97. Here the journals are parallel, and the bushes are coned on 
the outside to fit the housings or bushes in the same. The bushels are split 
longitudinally right across at one place, and partially at three or four other 
places, leaving about \ in. of metal on the inside. Lock nuts are then fitted 
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on each end, so that when the bush is drawn within the housing and along 
the cone it closes upon the journal. Each bearing has, therefore, an inde- 
pendent concentric adjustment by the springing of the bushes, and the 
spindle position is not altered longitudinally. 

Although this type is now much used — more than any of the others 
above described — it has proved incapable of withstanding the wear, and been 
found almost impossible to secure a good fit without heating after, at most, 
two or three years' running. This is not surprising when it is understood 
that the spindle is only supported at several points round its periphery. 
The springy design also of the bearing makes heavy cutting impossible ; in 
fact, there is considerable chattering when taking a comparatively small cut 
at a high speed. The spindle has generally been blamed for this weakness, 
and has been accordingly increased in diameter and fitted witli new bushes. 
For a time it would appear that the chattering has been got rid of, until the 
bearing becomes worn and requires to be readjusted; then the old trouble 
begins again, and the same process must be repeated. On the other hand. 
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where the split bush has been replaced by a solid one, not only has the 
chattering entirely disappeared, but it has been possible to take a heavier cut 
than before, and the wear has been vastly diminished. Now, the cost of 
manufacture of the design shown in Figs. 96 and 97 is considerably greater 
than that shown in Figs. 94 and 95 — of which they are modifications — 
and almost as great as that of the designs of Figs. 91, 92, and 93. Except 
the need for care in adjustment, no difficulty need be experienced with the 
use of the conical spindle. With an effective lubricating device it makes a 
first-class bearing, capable of mthstanding heavy cuts at high speeds without 
undue wear or chatter. 

Neither the ball nor the roller bearing has been used to any extent 
for lathe spindles, except for light lathes. The design shown in Fig. 98 
is that of the Hoffman Manufacturing Co., which has been occasionally 
used for this purpose. The front bearing takes the form of the ' company's 
well-known, double-compound, ball-bearing. For the front journal the two 
outer rows of balls form the bearing proper, whilst the two rows in the centre 
take the thrust and pull of the spindle. The back bearing is the ordinary 
double-row type, although the makers have found their single-row bearing to 
give every satisfaction when used here. The lack of bearing surface to giva 
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rigidity, the deformation of the balls and plates under heavy loads, and their 
tendency to scale or crush under very moderate shocks, no doubt accounts for 
their application being limited to small sizes of lathes. Much the same 
objections may be advanced against roller bearings, which are difficult to 
make parallel throughout their length, and are inclined to slew and push 
back jander the load. They are also difficult to adjust for wear. 




Fig. 99. 



Bearings for Heavy Lathes. — For the heavier types of lathes, say from 
12-in. centres and upwards, the parallel capped bearings shown in Figs. 99, 
100, and 101 are almost universally used. The bearings are in halves, and 
fit metal-to-metal at the centre of the journal. They are usually made of 
hard phosphor bronze, cast iron, or either of these lined with white or Babbitt 
metal. Steel is hardly ever used in this type, and the spindles are rarely, if 
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ever, hardened. The wear is taken up by rescraping the boxes and rebed- 
ding the spindle, liners being fitted between the bottom half-box and the 
headstock, to preserve the height of the spindle. The bearing is centrally 
placed with reference to the metal of the casting which supports it, the over- 
hang being the same on both sides. It is held thereto by bolts and cast- 
iron caps, which span the boxes. Fig. 99 shows the cap checked into the 
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head-stock cheek and bearing on the upper half-box, but clear of the cheeks 
at the top to allow of the cap following the step. 

To prevent any endlong movement, the bearing is provided with flanges, 
which fit on the faces of the cheeks and caps, whereas in the design shown 
in Figs. 100 and 101 a central bar on both sides of each half-box is used for 
this purpose. These bars are made to fit the sides of the machined slots in 
the cheeks. This arrangement is an effective one, and somewhat cheaper 
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than that just described. Messrs. Hulse cast a shelf on the front headstock 

cheek, on which the flange of the lower half -box rests, to reduce the overhang. 

With the design of cap shown in Fig. 99 the transverse thrust on the spindle 

tends to open out the horns of the casting at the beariugs. 

When cutting irregular work, headstocks of this type are occasionally 

broken diagonally across from the lower half-box towards the back. Extra 

depth will, of course, obviate this; and 
some makers cast a supplementary buttress 
at the back. A simpler and more sensible 
design, however, is that shown in Fig 101, 
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Fig. 102. 



Fig. 103. 



where the cap is made to embrace both cheeks, so that when a thrust 
comes on the back portion it is communicated through the cap to the front. 
Thus the one cheek is made to assist the other. 

Although the capped, parallel-stepped bearings for spindles have had 
generally no adjustment for wear other than that already described, several 
American and continental makers have adopted the design shown on Fig. 102. 
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Here a permanent tqjpered strip, having a metal-to-metal fit its whole length 
and adjusted by screws, has been made to take the place of the liners pre- 
viously referred to. Amongst other styles of steps with wedge adjustments 
which have found some favour, particularly on the Continent, are those shown 
at A, B, and C in Fig. 103. 

The advantages obtained by making the steps adjustable by means of 
wedges, screws, etc., for large lathe spindles are questionable, as there is 
always a tendency to chatter with so many pieces. In the larger sizes of 
lathes the cone and gear is usually mounted on side shafts, and the spindle 
is made large to resist bending. It is evident that in such cases a large 
bearing surface can be obtained by a suitable length of bearing without 
increasing the length of the headstock, and that the wear can be reduced to 
a minimum. Thus the fitting of the bearings in halves, accompanied by the 
periodical examination and overhaul of the steps, may be expected to give 
the most satisfactory results. 



CHAPTER XXV 

THE MAIN SPINDLE (continiied) SIZING OF BEAKINGS FOR STRENGTH AND 

LUBRICATION 

Spindles. — It is usual to calculate the diameter of the front end of the spindle 

from the twisting moment it is required to transmit; notwithstanding the 

fact that, in the case of lathes above about 18-in. centres, the twisting moment 

never is transmitted through the front bearing, but passes round by a pinion 

into the face-plate wheel. 

Following, however, this practice, and taking as the basis of a simple 

formula, which gives results in agreement with the more recent designs, the 

twisting moment to be that due to the cutting force corresponding to the 

standard area of cut acting upon work of a diameter equal to that of the 

h^ 
face-plate, we have— compare Chap. VII.— T = ^^z X 115 x 2240 x 

A = 40A* inch-pounds as this twisting moment, expressed as a function of 
the size of the lathe. 

If cf be the diameter of the front journal, and/, the safe allowable shear 
stress, we have — 

~ 51 

„ 51T 
or cr = -,- 

„ 5-i X 407*8 
or (P = - - 

If /. = 9500 ' 

+k M 51 X 40, „ 

then .P = - ^^^^Ifi 

'^-u (»^> 

This line is drawn on diagrams Nos. 114 and 115, and is seen to agree very 
well with results plotted from practice from lathes designed to use carbon 
steel; but to be smaller than the sizes of current designs for high-speed 
steel, and " compromise " lathes. The value for these cases is more nearly- 
represented by d = - 

The only reasons which the authors can assign for the use of such heavy 
• spindles — which, as already remarked, are not required to transmit the full 
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twisting moments corresponding to the standard cuts, since the torque passes 
directly from the face-plate into the work through the dogs— are as follows : — 
(1) In face of the unknown stresses to which the use of the high-speed 
steels gave rise, and which, until the Manchester Committee's experiments 
were made in 1902-3, were thought to be much greater than those produced 
by the same cut when taken with carbon st«el at the ordinary speeds [some 
engineers contended the power increased as the cube of the cutting-speed !] 
toolmakers, in order to be on the safe side, were led to give extravagent sizes 
to their spindles. A few makers went so far as to make their spindles half 
the height of lathe centres in diameter ; and, a value of one-third the height 

Diameter and length of Front and back bearings For spindles 
For Compromise and Highspeed Steel Lathes. 
Diameter oF Front bearing • Diameter oF back bearing • 

lengt h »» » ,* p Length " " '» Q ^ 




12 m 24- 30 3€ 42 48 54. BO 66 72 
Height oF centres{ in Inches). 

Fig. 104, 

of centres having been adopted by some, was more or less generally followed 
by all, as may be inferred from an inspection of our diagram. 

There was, of course, no disposition on the part of the purchaser to object 
to an unduly heavy spindle. 

(2) The fatigue of material due to repeated stress and to vibration may 
be suggested as possible reasons for the employment by makers of the sizes 
of spindle shown diagrammatically in Fig. 104, and which the authors desire 
to characterize as excessive. 

Now we have throughout maintained that the standard area of cut for a 
high-speed lathe should be no greater than for a carbon steel lathe, the speed 
of cutting only being increased. 
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Under these circumstances the statical stress at high speeds is rather 
diminished than otherwise — since the cutting stress increases slightly at low 
speeds — although, of course, the power is much enhanced. 

It may well be questioned, on the other hand, whether, with continuous 
cuts, the uneven finish wliich frequently accompanies high-speed cutting is 
responsible for any considerable amount of stress variation in the spindle, 
the variation of force on the tool being so rapid that only an average value 
reaches the chuck, at all events with heavy bars of large diameter — and 
correspondingly large torques. Again, with regard to operating on gapped 
work, in which the twisted bar, when released from the cutting torque, flies 

Dlsmet€r snd length affront am/bsck besrings 
for spindles for Carbon Steel Lsthes. 
Diameter of front bemrlng • Diameterof beck bearing % 

LenQ th » n n o Lenatlt »» »» »» ^Q 




t2 m 24 30 36 42 ^ 54 60 66 72 

Height of centres(ln inches.) 
Fio. 105. 



forward, and tends to take the face-plate with it, so overhauling the driving 
pinion, it may reasonably be argued that at high speeds the bar will not have 
had time to swing to the other end of its vibration in the short interval which 
elapses whilst the gap is crossed, whilst at ordinary speeds such a completion 
of oscillation might have occurred. Thus the torsional stress, instead of being 
reversed in character, as with carbon steel, may only be reduced in amount 
whilst remaining of the same nature or sign. In any case, if the torsional 
stress is transmitted, not through the spindle but by the face-plate, it seems 
by no means clear in what way such large diameters can contribute to the 
diminution of torsional vibrations of the work, or to more accurate and 
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efficient cutting. The right place to add weight is in the pinion shaft rather 
than in the main spindle. 

(3) The question naturally arises as to the extent to which bending 
actions influence the size of the front end of the spindle. It might be 

supposed that with a large and heavy piece 

of work overhung from the face-plate the 

bending moment produced, together with 

the twisting moment due to cutting, would 

give rise to so much greater a stress by 

their combined influence as to necessitate 

the larger diameters of spindle which 

appear in practice. To t^st this, let us 

suppose a cylindrical job of a diameter 

equal to that of a face-plate, and a length 

equal to the height of the lathe centres — 

which gives about as great a weight as 

the face-plate dogs ought to be expected to carry— to be overhung and to 

be operated upon by a tool taking a standard cut at face-plate radius. 

Let M be the bending moment, 

„ T be the twisting moment, 

and let T, = 2\/M? -f- T^ be the twisting moment which would produce 
the same shear stress in the spindle as the two actual moments give rise to. 
Then if/, is that shear stress, we must have — 




Fig. 106. 



'^•f = T, = 2v/M^ + 12 



(95) 



Now (Fig. 106) M = W/ = 026 ^ (2A)^ A x 1-25A = 1 02ASorsay,M = A^ 
pounds-inches. 

Also, as already calculated above, T = 40A^ pounds-inches. 

T 



M 

40A3 ^ 40 
A*"~ A 



Take T = /iM, or n = 
Then, in this case, n = 
and T. = 2v/2 + T«=2tV^+1 



or 



With/t 

1600^ 

-^ V£+0 • 

^^ 

d, 



in. 
10 

206 

•V206(2 

h 

2-88 



20 

U 

2-24 

x^2ld 

h 

2-76 



in. 



40 



•V2-82d 
2-65 



in. 
60 

Si 

3-6 

V3^6d 

h 

2-85 



80 
5 

4*48 
V4*48d 

218 
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For twisting only we found above that ^ = s;^ (94), but when combined 

0*0 

bending and twisting are allowed for, we find that d becomes di where d\ 

lias the values given in the table above. 

Now, it is only for the smaller sizes that the spindle is called upon to 

carry the full twisting moment tlirough the front journal, as for lathes 

above 15-in. or 18-in. centres the work is almost invariably transmitted into 

the face-plate wheel directly from a pinion and side shaft. For such (smaller) 

lathes, then, we may take as agood and safe rule for the diameter of the front 

journal 

^-k («^> 

For the larger sizes, on the other hand, M'here, according to the annexed 
table, the spindles would be largely increased by the combination of bending 
and twisting, since the torque does not pass through the front journal, there 
seems no reasonable ground for the construction by makers of these very 
large spindles for the larger sizes of high-speed and " compromise " lathes ; 

and instead of the rule d = ;^, which appears to be usual for the diameter of 

the front journal, we have shown good and sufficient cause for the adoption 
of the smaller value 

'^ = 3^ <««> 

This allows a maximum working stress of about 9500 lb, per square inch 
in the excellent material of which these spindles are made, and it is applicable 
to both carbon st«el, " compromise," and high-speed lathes. 

It must be pointed out, however, that this formula applies, of course, to 
the smallest part of the spindle between the spur wheel and the face-plate. In 
many small lathes, in which the front bearing has no cap, the spindle is turned 
down behind that bearing to permit the key of the spur wheel to pass 
through it. In that case, if S be this smaller diameter, we ought to take : 

8 s=K c instead of d = ^-^ 
li'b Z'o' 

Let S ss cd, where c is a constant multiplier, giving the ratio of the 

nocked-down diameter of the spindle to that of the front bearing; then 

we have 

8 _ h 
'^ " c " 2-5c 

Thus if c = 0-75, then d = ^^ 

h 8 

If, for example, in an 8-in. lathe we take cJ = -, 00 = ri^ ^ 426 in., or, say 

i'oo i'oo 

4J in. as the diameter of the front journal ; then as the spindle is necked down 

to 3J in. — i,e, to 075 of the journal diameter — at the back of the bear- 

h 8 
ing, our rule of ^ = 0^5 =" ^1 ^^^^^ ^^^^^ S^^ ' for tliis smallest part, 

which means that the shear stress in the spindle is everywhere less than 
9500 lb. 
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Biameter of Back Bearing. — The load to which the back bearing is subjected 
when the standard cut is being taken will, of course, depend on the position 
of the tool relatively to the face plate, and upon whether the job is carried 
between the centres — so that part of the thrust of the cut is taken on the 
movable headstock — or is overhung. If the tool is assumed to be operating 
on an overhung job at a distance as far in front of the front bearing as the 
back bearing is behind it, the load on the latter will be equal to the thrust 
of the cut, or, say, P = 40/i*. If we assume, further, that the journal in 
the back bearing is equivalent to an overhung circular beam of span 

I = (0-4 + 01)/i = ^, subject to a distributed load of P = 40A^ then its 
diameter d will be found from ^^ = -o" ^ o* ^^^'^S/ = 10,000, we have 

^' ^ 4 X 10,000 "" 100 

^^ = 4-65 <^^> 

The law followed by the diameters plotted in our Figs. 104 and 105, as 
obtained from experience, is — 

di = J for high-speed steel lathes (100) 

and ^1 = r for carbon steel lathes (101) 

o 

The back journal must be made stifif enough to prevent unequally dis- 
tributed pressure on the oil film in the bearing. If measurable deflection 
were to take place the spindle would tend to bear upon the brasses at the 
bottom inside and top outside edges ; the lubricant would be squeezed out 
and excessive friction and wear would ensue. The deflection of a cantilever 
of uniform circular section of diameter d — unknown — and of length I = (0*4 + 
01)/z — see above — under a distributed load of 40A* lb. is — 

_ WP _ 40A« x_^^ ^ h^ 
^ " 8Ei "■ 8E X 0-05d* X 8 2,400,000d* 

The allowable deflection may be taken to be proportional to the square of 
the diameter of the journal, i.e. y = ?mP = yqaq say. (Compare Osborne 
Eeynolds, " Sci. Papers," II. p. 263.) 

Then d« = 24*00 

^ = 3*66 (^^^^ 

The Length of the Front Bearing. — ^We have given much thought to the 
consideration of the physical or practical conditions which govern the lengths 
of the bearings in a lathe spindle, and which fix their lowest limits. The 
question is one, however, of quite special complexity, and seems to demand 
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much further experimental investigation before being reducible to a strictly 
rational basis. 

In the case of journals such as those of line shafts, pedestals, railway axle- 
boxes, and the bearings of dynamo electric machines, which run under constant 
conditions as to load and speed for long periods of time, and in which the 
direction of the loading forces is never changed, a steady state is reached, 
after a few hours, in which the temperature of the bearing attains a maximum, 
and the values of the allowable bearing pressure, the final temperature, and 
the frictional resistance are known from practical experience or experimental 
research, and can be predicted for a new design. It is true that the phenomena 
involved are extremely complex, and we are only now beginning to under- 
stand what occurs, consequent upon the researches of Beauchamp Tower and 
Osborne Eeynolds, Stribeck and Lasche, Petrofif and Sommerfeld, and many 
others. We have, nevertheless, fixed rules of design for these simpler cases, 
and can assign a proper value to the length of a bearing of given diameter 
when the mode of lubrication has been settled and the conditions of its steady 
speed and uniform load are known. 

The main bearings of a fast headstock are, however, not simply plummer 
blocks of this kind. In the first place, the load and speed are variable in the 
highest degree throughout the life of the machine, and the conditions do not — 
except with the largest lathes — remain constant for a time long enough to 
enable the above described steady state to be attained. Thus, if these bearings 
were designed as ordinary pedestals for the highest speeds and the maximum 
loads to which they are to be subjected, as if for the steady state, they might 
be expected to be much too large, wasting both power and material. Con- 
trariwise the journals of a lathe spindle have to run for a large proportion of 
their lifetime at excessively slow speeds under moderate or even great loads ; 
and under these circumstances the lubricant will usually be squeezed out, so 
allowing the journal and brass to rub metal against metal with considerable 
friction and great wear. Again, there is the condition of the maintenance of 
accurate axial alignment, which is in this case of paramount importance ; and 
we have to decide whether it is better to attempt to maintain by forced 
lubrication under all circumstances a complete oil film all round the journal 
in order to prevent wear altogether ; or, on the other hand, to permit the 
metallic contact and wear to take place consequent upon a less perfectly 
controlled supply of lubricant, whilst providing mechanical means for 
readjusting the alignment with ease and certainty. 

In order to discuss the question thoroughly in all its aspects, it will be 
necessary to go into a somewhat lengthy description of the phenomena 
accompanying the rotation of a journal in a bearing, from which it is either 
partially or completely separated by a supply of lubricant. 

A. Dry friction. — Commencing with the case of the spindle lying in its 
bearings at rest, and then gradually attaining any given speed, we find that 
the brass, being somewhat larger in bore than the diameter of the journal, is 
touched by the latter only along a narrow line at its lowest point. When 
rotation commences, the journal rolls up towards the front of the lathe until 
the load on the bearing— supposed vertical— makes an angle equal to the 
maximum angle of repose with the journal radius drawn to the point of 
contact. The point of contact K — see Fig. 107 — is then in a plane distant 
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r sin ^ from that containing the centre of the lathe, and the jonmal slides on 
this point, or rather line, with the three forces /, n, and W in equilibrium. 
The law followed is that of so-called "dry friction," and the coeflRcient of 

friction /Lc = tan ^ = =^ is identical with that found by Morin in 1833 for 

slightly greasy metallic surfaces, viz. from 012 to 018— or say, 015 on the 

average.^ The ratio ^ is, of course, equal to sin ^, and being nearly the 

same as tan ^ for small angles — such as 8J deg. — we write for the frictional 
work done per revolution — 

Friction work = 19= ^2 ^^''^^' P®^ ^^' 

If d = 3, A* = 0-15, and W = SA^ lb.— being half the weight of a job 
equivalent to the lathe's volumetric capacity — we have 

Friction work = ^'^ \z¥ = 00393A* ft.-lb. per rev. 

Now the cutting work is : — 

TT X 2A _ 2240 X IQW irh _ SStt,- _ ,3 n lu ^r rev 
F-J2- - — (3400~~" 6 " T'' - ^^'^'^ "• ^^' P^'^'^''- 

Tlius, the ratio of the work spent on friction to the work spent upon cutting is 

004A* ^ ^^o«, 
18^3^-3 - ^'^^22* 

a quantity increasing proportionately with the size of the lathe. For a 10-in. 
lathe, e.g., the work wasted is 2*2 per cent., for a 50-in. lathe it is 11 per cent. 
of that usefully employed. 

If, however, the thrust on the bearing is due rather to the cutting force 
than to the weight carried in the centre — as is usually the case in small 
lathes — the point of contact will be at the back of the bush in tlie upper 
quadrant at A— see Fig. 108— obtained by drawing the resultant (P) of the 
cutting force (F) and the weight ( W) a tangent to the friction circle of radius 
r sin^. 

If, now, the journal keeps sliding past the point k, and the friction coeffi- 
cient remains 0*15 — no oil film entering to separate the surfaces — it is clear 
that the efficiency is the same for all sizes of lathe. For 

^ ^. , 27rr/uP.^ ,, irh X loP .. , h 
fnction work = — 1 2~ ft.-lb. per rev. = o^ u a = ^. 

whilst cutting work is, as before, 18 SJfi ft.-lb. per rev. 

* See, «.g., Moeeley'g " PrincipleB of Engineering," 1843, pages 149-155. 
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Taking, for simplicity 



^ -^ - 6400 - ^""^ 



the friction work is 

15ir X 35fe« 
"36 



01666-0 004 -_^^ 
and, = ^jggg =0-9/5 



or 2 J per cent, of the work is lost by friction of the front journal when the 
speed is so slow that no oil separates it from its bearing. 

B, Besistance due to Lubricant — Eeturaing to our former case, where the 
weight of the job forms the predominant part of the load on the journal, and 
the point of contact is at first at K — Fig. 107— near the bottom, there comes 
a time as the spindle speed goes on increasing when the oil is carried round 
with the journal, and forms a film separating it completely from the bush. 





Pig. 107. 



Fig. 108. 



The point of nearest approach between journal and brass is by this means 
shifted round to B, at the back of the bush, and in the same horizontal plane 
as the centre— see Fig. 109. 

The distribution of pressure all round the journal — the interspace being 
all filled with lubricant — is also shown diagrammatically in Fig. 109. 

When the speed of rotation is slow, the pressure is very great at ^1, just 
before B, the point of nearest approach, is reached, and falls to nothing at ^2 
just after it is passed. It then soon rises and maintains a nearly constant 
value right round from C through A to D, after which it quickly increases to 
its maximum. 

Sommerfeld has given an easy proof that, for the journal to remain in 
equilibrium under the forces due to the frictional and fluid pressure of the 
oil film, the load must act perpendicularly to the line joining the centres of 
the bush and the excentrically situated journal, and on that side of the 
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Fig. 109. 



centres away from the point of nearest approach. This is indicated by the 
load line marked W— Fig. 109. 

For greater values of the speed of rotation the maximum value of the oil 
pressure diminishes, and its position (^i) recedes from the neighbourhood of 

B ; whilst at the same time, the position 
of the place where the oil pressure is 
nothing (^2) advances by an equal amount 
on the other side of C. The point of 
nearest approach of journal and brass still 
remains at B, however; but the journal 
becomes less excentric. If the speed could 
be made infinitely great the journal would 
run centrally in the brass, and the position 
of maximum and minimum fluid pressure 
would be vertically below and above the 
centre, viz. at Sx and 52— Fig. 109. 

If the original diflTerence of radii of 
bearing and journal were known, as also 
the viscosity of the lubricant, Sommerfeld has shown how the actual value 
of the maximum fluid pressure and its circumferential position, as also the 
amount of the excentricity of the journal in the bearing, could be calculated. 
The above difference would be very difficult to find, however, and, even if it 
were known, the unknown rise of temperature due to the friction of running 
would soon vitiate the figures, owing not only to the differing amounts of 
expansion of the journal and the bush, but also to the varying values of the 
viscosity of the oil within the film itself. (Comp. Osborne Reynolds, " Sci. 
Papers," vol. ii., pp. 282, et seq,) 

We are unable, therefore, to give quantitative results ; but from quali- 
tative reasoning, we see that the pressure under which the oil must be supplied 
in order to keep up a complete film is greater for low speeds of rotation than 
for high, and that the positions of maximum and minimum oil pressure vary 
with the speed, and, of course, the direction of the load on the journal. 

Lubrioation Automatic. — If the oil is fed in by an ordinary cup and 
syphon, or by a ring or centrifugal method of supply, it should obviously be 
made to flow on to the journal at the place where the pressure is least ; i.e. 
at p2, q2y or s^, Fig. 109 (ante). It will not enter at pi or ji unless it is under 
a greater head than that of the oil film at these points. 

The oil ways should therefore be fed from a point situated in the top rear 
quadrant of the hearing when the journal is loaded hy gravity only, and the 
point should be further ba^h the slower the speed. This applies, then, especially 
to large lathes. 

If the loading of the journal is pi^indpally due to cutting force acting 
upwards upon it, the feed should obvumsly be placed in the bottom front 
quadrant, and nearer the front the slower the speed of rotation. This meets 
the case of the smaller-sized lathes. 

The compromise ordinarily effected to allow the lubricant to enter, 
whatever may be the direction of the loading, is the simple one of fitting the 
oil cup on the top of the bearing. This seems almost the only thing to do in 
the case of automatic lubrication ; but it is the correct position only when 
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the resultant force upon tl|g journal, due to gravity and cutting force, etc., 
acts nearly horizontally and from front to rear. 

Forced Lubrication. — When the lubricant is supplied by mechanical means 
at a fixed rate and at any required pressure it will preferably be fed in at the 
points {jpi, ji) of greatest oQ pressure in the bearing, although for engine 
bearings it is usually fed in at the points jp^^ j^a, and ^. 

For large lathes, where gravity is more important, this region of greatest 
pressure lies in the rear bottom quadrant. 

For small lathes, on the other hand, in which the force on the spindle acts 
upwards, owing to the cutting force being relatively greater, the maximum oil 
pressures occur in the front top quadrant. 

To meet all contingencies it would appear, on the whole, best either to 
force the oil in at the back of the bearing, well below the centre; or, 
preferably, to fit three alternative branches from tlie oil pressure supply pipe 
to the back, top, and front, any one of which may be turned on at will to suit 
the conditions of working. 



Theory of Lubrication 

In describing the phenomena occurring when a journal rotates in a 
bearing, we have, so far, not alluded to the nature or magnitude of the 
frictional resistance experienced when there is an abundant supply of 
lubricant completely separating the former from the latter, and preventing 
any metal-to- metal contact. 

It is frequently stated that " there is no friction without abrasion," or, in 
other words, that unless two substances rub against each other, there can be 
no resistance due to relative motion. This, however, is not the case. When 
a film of lubricant is interposed between two metallic surfaces there is a 
resistance to relative motion of these surfaces due to the shearing or transverse 
distortion of the oil film. 

In the case of the shearing of a solid, we know that Hooke's law, ut tensto 

s 
sic vis, applies ; so that if q, Fig. 110, be the shear stress, and - the shear strain, 

t/ 

we write q = 6--, where G is the modulus of transverse elasticity. But if 

the surfaces AA, BB are separated from one another by a liquid of thickness 
y, and AA moves with speed v relatively to BB, the resistance no longer 
depends on the mere magnitude of the angle 0, but upon the rate of its 
increase with time. If a is the area of either surface, the force required to 
maintain the steady speed v is 

F = 3« = y^ (103) 

where k is called the coefficient of viscosity. [This coefficient is clearly that 
force which will move a unit area of surface with unit speed relatively to 
another surface from which it is separated by a liquid of unit thickness.] 

A film of oil of imiform thickness y, all round a journal of diameter d and 
length /, and adhering to it and to the bearing surrounding it, will thus 
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oppose a resistance to the rotation of the former, ^ith surface speed r, of the 
amount 

F = *^ (104) 



In such a case the friction wovld not depend on the load, which does not 
appear at all in the expression ; and it will be readily admitted that the force 
required to distort the oil film cannot depend on the fluid pressure to which 
it is, at the moment, subjected. The friction is governed only by the area of 
viscous fluid to be sheared, and the viscosity of the oil — i.e. the kind of oil 
and its temperature (with which the viscosity greatly alters) — and it also 
gets greater the smaller (y) the thickness of the film, so that if the journal is 
a close fit within its bush the resistance to motion will be greater than if the 
fit is an easy one. 

There are, unfortunately, very few cases in engineering practice where a 
journal rotates with a uniform thickness of oil around it. It is only when 
the speed is very great indeed that this can happen — as with steam turbines 




9 

Fig. 110. 



and mill spindles. At moderate and low speeds we know, as above described, 
that the shaft moves to one side by an amount which depends on the speed 
and the load; the excentricity for any given load becoming greater the 
smaller the speed. We have just seen that the frictional resistance depends 
on the thickness of the oil film, but it is known from the researches of 
Beynolds and Sommerfeld that the diminution of resistance, due to the 
thickening of the film on one side of the shaft, is more than made up for by 
the increase due to the thinning on the other ; so that, on the whole, the 
friction gets greater as the journal becomes more excentric. 

Starting, therefore, with a bearing in which the shaft is running at a very 
high speed, and is nearly concentric with its bush, the friction should diminish 
directly as the speed, if the simple law of resistance to oil-shearing were 
followed; since, however, as the speed gets less the excentricity increases, 
and on this account the friction gets greater, we shall find that at low speeds, 
when the excentricity becomes very marked, the increase due to this more 
than makes up for the diminution due to lessening speed, and the total 
resistance attains a minimum value at a certain speed — which depends upon 
the pressure. This has been very well worked out by Sommerfeld, whose 
curves of friction and speed, deduced from theory, show a satisfactoiy 
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agreement with experimental results, 90 long as the speeds of rubbing are less 
than about 20 ft. per mintUe. For speeds greater than this the change of 
excentricity is not so important, and the law of fluid friction is interfered 
with for another reason. On account of the^ high speed the temperature of the 
oilJUm rises, and its viscosity is thereby reduced. The friction then increases 
less rapidly than in proportion to the speed. 

At sudi high speeds as 1800 ft. per minute, Lasche, indeed, found that 
the friction was quite independent of speed. We do not meet with such 
rubbing speeds in the bearings of a lathe, however, and we need not here 
refer further to this point. 

The curves of frictional resistance obtained by experiment are shown in 
the annexed figure (111). They are principally those found by Stribeck for 
experiments with a Sellers bearing (v. Z. d. V., September 6, 1902) having 
double-ring lubrication, the material being gun-metal. 

The two thick dotted curves in this figure are taken from Heimann's 
report on experiments by the method of Dettmar {tf. Z. d. V., Bd. 49, p. 1161). 

. a-p 

g^*pp-r ^-^ — 




/Ui^Mtg speeaffeet p9r mkiuUJ 
Fig. 111. 

They refer to a solid bush of gun-metal, with an imbroken film of lubricant all 
round, and are, therefore, perhaps more directly applicable to the case of a 
lathe spindle than those of Stribeck. 

The curves give the " coefficient of friction " on a base of speed of rubbing 
in feet per minute. 

The term " coefficient of friction " denotes the ratio of the total resistance, 
due to the shearing of the lubricant, to the load on the journal ; and although 
it has no physical meaning, it supplies a convenient and conventional method 
of discussing the results. 

If F denote the resistance, and P the load, we have (from equation 104) 

F kirdlv 

^^V^VJ ^^^^^ 

p 
and if -T^ be, as usual, denoted by p, and called the bearing pressure, or load 
at 

per unit of projected bearing area, we see that 






(106) 
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or the coejffment of friction would vary as the speed and inversely as the 
bearing pressure if the oil film were of uniform thickness ail round, and the 
temperature of the IvJmcant were constant, 

Eeferring to the dotted curves— thick lines (Fig. Ill) — we see that n is 
not proportional to the speed in the actual experiments even when the 
temperature of the hearing is kept constant throughout. 

It is found that jx increases less rapidly than the velocity of rubbing when 
the speed is greater than about 20 ft. per minute. This is due to the fact 
that the difference between the actual temperature of the oil film and that of 
the bearing gets greater as the speed increases, so that although the hearing 
temperature may remain the same throughout a series of experiments, that of 
the film of lubricant itself, upon which the value of k — the coeflBcient of 
viscosity — depends, will rise. On this account /x is found to increase more 
nearly as the square root of the speed as the rubbing speed becomes larger. 

These— as also Beauchamp Tower's — experiments show that the "coefficient 

of friction " in a lubricated bearing follows the law fi = (instead of 

fi == —; equa. 106) for the speeds which are usual in lathe spindles — viz. from 

20 ft. to 300 ft. per minute, and for the bearing pressures commonly occurring. 

According to the same equation (106) the constant depends upon the 
thickness (y) of the oil film — as to this see below — and upon the coefficient 
of viscosity (k). 

Now we have found that for machinery oil, a simple expression gives the 

values of k with fair correctness between the temperatures 70° and 

160° Fah. ; the more correct expression of Osborne Eeynolds being — 

k = 0-000047e"''^'- 

B B 1 

Our formula is k = fr^^Qoy or i = -g, where B has the value ^^g. 

Thus we write k = -^^ (107) 

A roughly accurate expression for the coefficient of viscosity for machinery 
oil as deduced from these experiments will therefore be (for speeds over 20 ft. 
per minute) 

""■^ <'««) 

Here v = surface speed in feet per minute, 

p = bearing pressure in pounds per square inch, 
and = excess of oil temperature above 60° Fah. 
Upon further examination of the experimental results plotted in curves 
upon Figs. Ill and 112, we observe that for speeds just above the speed of 
minimum friction the coefficient of friction diminishes for a little in exact 
proportion to the speed, but that (as the minimum point is approached) 
the effect of the relatively great excentricity of the journal in the bush 
begins to have an important influence in increasing the friction; and the 
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coefficient attains a minimum value as prescribed by Sommerfeld, and 
described above. 

As to the positions of the minimum points, we see that the coefficient of 
friction takes its least value for speeds which depend upon the bearing 
pressure; those speeds being greater the greater the bearing pressures — 
Fig. 111. 

After the minimum points are passed the curves begin to rise more or 
less rapidly as the speed continues to fall. This is due to the oil film being 
squeezed out of the bearing ; and we shall find it necessary to attach great 
importance in the sequel to this so-called "minimum point," as bearings 
must be designed so as to avoid such speeds and pressures as correspond 
to them. 

In Fig. 112, reproduced from Heimann's article {loc, cit), we observe the 
effect on the coefficient of friction find on the positions of its minimum 
points, of an increase of the temperature of the bearing. The higher the 
temperatures at which the bearing runs the smaller the coefficient of friction, 
and the greater are the speeds at which the minimum values of that coefficient 
are attained. 
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In conclusion, we observe that the curves all rise very rapidly when the 
speed is very slow and the oil has all been squeezed out of the bearing ; and 
that they tend to converge upon the constant value 015, the coefficient of 
friction for greasy metals sliding upon each other, long ago determined by 
Morin. It is only then that ft remains constant, and that we encounter a 
frictional resistance and loss of work proportional to the load on the bearing, 
and of the amount already calculated. 

C, Application to Spindle Bearings. — In endeavouring to apply the 
theoretical explanations and experimental results which have been discussed 
in the last two articles to the proportioning of the bearings for a lathe spindle 
we have two extreme conditions to provide for. 

First, the bearings must keep cool when the spindle is running at its 
highest speed of revolution and under the heaviest load it will be called upon 
to sustain, e,g. when carrying a heavy job between centres and running at 
polishing speed. 

Second, when taking a heavy cut, or carrying a heavy piece of work at 
a slow speed of rotation, it ought to be possible to prevent the metallic 
contact of journal and brass from taking place, which has been above 
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described, by always retaining a film of oil between the same at every part 
of the circumference. 

With reference to the jiriki com, we have to consider how much heat is 
generated by the viscous resistance opposed by the oil to the rotation of the 
shaft, in what manner this heat is dissipated, to what temperature the bearing 
will rise in actual running, and what law connects the temperature at which 
the journal may safely run with the pressure and the speed. 

The heat generated is obviously equal to -ic^r thermal units per 

minute, if A is the journal diameter in inches, P the load in pounds, ii the 
coefficient of friction, N the number of revolutions per minute, and J. Joule's 
equivalent. 

If the heat dissipated by radiation from the surfaces of the housing and 
shaft be, as usually assumed, proportional to dl, the projected bearing area, 
and to 6 the temperature difTerence between bearing and external air ; then, 
when the temperature of the bearing becomes steady, we shall have {e beiug 
the emissivity coeflBcient) 



^^ = ei/e. .• (110) 



12J 

In the standard text-books — t.g. Un win's "Machine Design," vol. L p. 
240— it is usually assumed (hat tchatever may he the diameter or length of the 
proposed jourTud the val%Le of fi vnll remain constant. In that case 

which means that (he length of the bearing mitst increase with the load and the 
revolutions. 

As a matter of experimental fact, however, /i is by no means constant. 
It depends on speed, pressure, and temperature, and, as we have already seen, 
we may take it to follow the law 

1-8\A 

^- tiT <"^^ 

If, then, we insert this value in (110), we obtain 

since » = -- - 

12 

therefore ^^(E^* = erf/fl 

12»|>ftT 

With c = 1-8, ? = Id, and J = 778, we get 



e> = mt 



3230c <^^'^ 

To determine the value of e, the emissivity coefficient, we may apply this 
formula to Stribeck's results from his Sellers bearing (see his figure 5, Z. d. V., 
September 6, 1902). This bearing, of diameter 2-76 in., attained — according 



THE MAIN SPINDLE — SIZING OF BEARINGS 199 

to that figure — after running for three hours at 760 revolutions per minute, 
a final temperature of about 140^ Fah. 

Therefore % = 80° Fah. 

Hence from ^=S^2 

we obtain « = ^gSoVsO^ " ^^0 ^' ^^' ^' P®^ °^^^- ^^^^^ 

dissipated per square inch of projected bearing area per degree difference of 
temperature Fah., between the bearing and the outer air. 

Thus the formula for 0,, the final rise of temperature of a bearing above 
its surroundings, becomes 

' \/3230 X a^-ff \/l5-6 
or in round numbers 

9,= <-!f (U5) 

Expressed in words, this means that the steady or finally assumed 
temperature of a bearing of given diameter is greater the greater the } power 
of the revolutions, and is greater for a given speed the larger the f power 
of the diameter. It is, however, quite independent of the length of the journal. 

We cannot, therefore, hope to lower the terminal temperature by lengthen- 
ing the bearing. The heat generated increases as fast as the area for dissi- 
pating it does ; for although by lengthening the journal the bearing pressure 
is diminished, yet since /a varies inversely as p, the frictional resistance and 
the heat generated are pari passu increased. 

It would therefore appear that it is quite immaterial what the length 
of the journal is, a conclusion which seems at first sight to conflict not only 
with the text-books, but also with practice, and so to be paradoxical. 

The explanation is as follows: Whilst it is true that the final tem- 
perature to which a bearing will rise after a long run under a given load 
and with a given lubricant, depends only on the diameter of the spindle and 
on the speed of revolution, and not at all upon the length of the journal, we 
have to remember that if at that finally attained temperature and speed the 
pressure he too high the Ivirricant will he squeezed out. 

If, referring to Stribeck's and Heimann's curves— Figs. Ill and 112— we 
take it that the conditions attending the minimum values of the coefficient 
of friction are those under "which the oil begins to escape from the bearing, 
and that for any lower speed the bearing will run dry, we may find the 
connection between rubbing speed and temperature on the one hand, and 
rubbing speed and pressure on the other, which specifies the condition of 
critical running with a complete oil film. 

According to Heimann's curves — Fig. 112 — from experiments in which the 
temperature of the bearing was varied, whilst the bearing pressure remained 
the same, it appears that the coefficient of friction attains a minimum for a 
different value of the surface speed for each different temperature, and that 
the value of this speed increases proportionally to the temperature, as 
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numerically stated on the Fahrenheit scale. In fact, if v^ be the value of 
the speed for the minimum, and t the bearing's temperature, Fahrenheit, we 
find v^ = \i. 

From Stribeck's and Heimann's curves— Fig. Ill — drawn for experi- 
ments in which the bearing pressure was varied, the temperature remaining 
unaltered, the speed for the minimum coefficient is found again to be 
proportional to the pressure. For Stribeck's Sellers bearing v^ = Jp, and 
for Heimann's — solid — bush bearing r, = ^^P- 

Thus v^ varies as i when p is constant, and v^ varies as 'p when t is 
constant ; therefore, when both 'p and t vary, v^ will vary as their product ; 
or v„ = kpL 

The value of A in this expression is found to be difierent not only as 
between Stribeck and Heimann, but also as between Heimann's constant 
temperature and his constant pressure experiments. 

For Stribeck's Sellers bearing we get 

^o = o^ (constant temperature). 

For Heimann's bush bearing we get 

{a) For constant pressure experiments «^o = ?2 

pi 
(6) For constant temperature experiments v^ = tqttt^^ 94.0* 

Now, Sommerfeld has deduced mathematically an expression for this 
very speed for the minimum coefficient of friction, in terms of the bearing 
pressure, p ; the radius of the journal, r ; the difiference between the radii of 
bearing and journal, 8 ; and the coefi&cient of viscosity, A. 

It is of the form 

*. = K^f (116) 

We also found above that the coefficient of viscosity for machinery oil is, 
for temperatures between 68° Fah. and 160° Fah., well represented by the 

expression k = . o_ (.aox ot k = ^ (units = pounds, feet, and deg. Fah.). 

Substituting this for k in (116) we obtain 

v^^CpO (117) 

where C is a constant, varying as the square of the ratio of the original 
slackness of fit to the size of thejoum^il. 

We prefer, therefore, to use the formula v„ = GpO, which has a theoreti- 
cally sound basis, rather than the form v^ = Apt, which was deduced from 
the experimental data of Stribeck and Heimann; more especially as the 
value of A differs so much for the different sets of curves. We ought, no 
doubt, to expect to find a difference for this constant as between the Sellers 
type of bearing used by Stribeck and the bush bearing of Heimann, but the 
large variation of A in the two sets of (pressure and temperature) ciurves given 
by Heimann for the same type of bush bearing seems to point to some dis- 
crepancy, such as a considerable difference in the original amount of slackness 
allowed between journal and brass in the two runs. 
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We shall, therefore, use for our purposes in designing bearings the 
expression v^ = Cp6, with C = 4^ for the value of the constant for machinery 
oil ; and when written in the form 

0, = ^^ (118) 

we see that it gives the critical valti^ (0^) of the final rise of temperature, dbove 
which, under the given conditions as to surface speed (y^ feet per minute), and 
hearing pressure (p lb. per square inch), the oU will be in danger of leaving the 
hearing and aUovdng it to run with metallic contact of the rulMng surfaces. 

What we now propose to do is to fix the proportions of journals by 
reference to the minimum points of the experimental friction curves already 
discussed, assuming them to indicate the critical conditions as regards speed, 
pressure, and temperature of the bearing, below which it is unsafe to run. 

We first calculate the terminal rise of temperature of the bearing by the 

expression 6, = — i^^- (115)- We then equate this to the value 6^ = — of 

the above critical temperature (118) ; and so obtain a relation between the 
length, the load, the diameter, and the speed of revolution. 
We thus have 

(rfN)^ _ 40t; 
4t ^ p 

Substituting ^^ for v, and 1^ for^, we may write this 

4 " "■ i2P 
p 
from which we obtain I = r-^ (119) 

In applying this method to the design of the front bearing of a lathe spindle, 
it may be remarked that, in the formula 6 = - — -, the constant was 

determined by the consideration of the final temperatures assumed by 
Stribeck's Sellers bearing ; and that the coefficient of emissivity — upon which 
that constant depends — will certainly be greater for the massively pro- 
portioned plummer blocks of a headstock, and the corresponding value of 
will be less. 

We shall for the present neglect this and adhere to the above formula, 
the result being that we shall err on the safe side. The diameter of the 
spindle is fixed by considerations of strength, and its value as a function 
of the height of centres has been fully discussed above. For our present 

purpose we may take it as cZ = s. The spindle speed for which the bearing 

must run cool is clearly the highest for which the lathe is designed ; and for 

this we have given the rule N^ = t— for high-speed steel lathes. 

Thus we find that the product dN is a constant for all sizes of lathe. In 
fact, iN = 1200, and (rfN)^ = 205. 

Hence = ^'^l'^ = '''== ,5V F.K 

4 4 
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So that (51° + 60^) = 111° Fah. is the terminal temperature which all front 
bearings should assume, no matter what may be the size of the lathe, if the 
above experimentally determined coefficients are correct. 

If this calculated temperature (0 = 51°) is higher than that at which the 
oil begins to squeeze out under the given conditions of speed and pressure, 
the bearing will run dry and seize. 

Therefore ^ - must be not greater than, or at most equal to, 40^ 



4 
That IS ^2p "^ ^^ p~ = ^^ 



V 



or 



^=JJjN=5i^ (120) 



Taking P = 40/i^ (the cutting force due to the standard cut a = ^^r,/)), 

A XT 3600 
and PJ = ,- , we have 

^"^ A^^^^OO" "2 ^^-^^ 

The length of the front hearing should he equal to half the height of centres. 

This line has been plotted on Fig. 104, p. 184, and agrees very well with 
the spots from practice for high-speed steel lathes. 

Now this is the " critical " length of the journal, or that for which the 
oil film would be just on the point of being squeezed out after several hours' 
running at the highest spindle speeds. If any margin of safety is to be 
allowed, the length should apparently be greater than half the height of 
centres; greater, that is, than that allowed by practice! The explanation 
is obvious. Lathes are hardly ever run for so long as to allow the 
journals to attain their maximum temperatures. Experiments have shown 
that an ordinary Sellers bearing requires to be run for more than three hours 
to reach its highest temperature ; and when we have regard to the relatively 
greater massiveness of the proportions of shafts, housing, and caps in a lathe 
headstock, it will readily appear that a much longer time will be required 
before the final temperature is reached— that, in short, it will hardly ever be 
attained, except in special lathes. 

The more correct method of attacking the problem is to determine the 
temperature reached by the bearing and journal after the greatest usual 
length of run at high speed under normal loading, as a function of the 
thermal capacity of that portion of the shaft and its housing which receives 
the heat, and of the rate of external heat emission due to the difference of 
temperature between these and the surrounding air. 

The dimensions of the journal should be such that the temperature 
attained is always less than that at which the oil film approaches its critical 
thickness under the given condition of speed and bearing-pressure. 

Let the bearing of diameter d and length I inches have run for t minutes 
at N revolutions per minute under a load P lbs. ; and let the excess of its 
temperature over that of the surrounding air at that time be °Fah. In a 
short succeeding time dt (minutes) let its temperature rise dd (°Fah.). 
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Then the quantity of heat generated by friction per unit of time (a) is 
equal to the sum of the quantities of heat absorbed by the material of shaft 
and housing (J) ; and dissipated by conduction and external radiation (c). 

The quantity a equals the load multiplied by the coefficient of friction 
into the speed of rubbing and divided by Joule's equivalent. Or 

12J 2>e>/l2 12J = JV12^ tf 

arf< = ^^^d^(B.T.U.inrf^mins.) .... (1) 

The quantity h equals the thermal capacity of so much of the volume of 
bousing and shaft as is affected by the rise in temperature multiplied by the 
rate of temperature rise in °Fah. per minute. That is, if C/d^ be the number 
of cubic inches of metal which are heated (C being a constant varying from 
2 to 10), 7 be the average density of that metal, say 0275 lbs. per cubic inch, 
and S its average specific heat, say Oil, 

then UQ = SyCZd^rfO = 003 GWdQ (B.T.U. in time dt) . . (2) 

The quantity c really consists of three parts— (1) that which is conducted 
away by the material of the shaft (proportional to dF)\ (2) that which is 
conducted away by the material of the housing (proportional to W) ; and 
(3) that which is convected away by the circulating oil (proportional to the 
quantity fed in). 

In the present case we shall ignore part (3). The other two are finally 
dissipated by external radiation from either the shaft or housing surface ; 
and we shall take it that the heat emitted is proportional to that surface, 
to the difference of the temperatures of the surface and of the external air, 
and to the time. That is, if the external surface be BM (where B is a 
constant varying from about 5 for Stribeck's Sellers bearing to about 10 for 
the more massive housings here in question) and I is the coefficient of 
eoUerrial emissivity in B.T.U. per square inch per minute, we have — 

Cdt = e^ld ,dt (3) 

With regard to the value of the emissivity coefficient, the coefficient e = .jJq, 
on p. 199, which was determined from the experiments made by Stribeck, 
was that of " internal emissivity " and gave the heat dissipated per minute 
per square inch of projected bearing area. The value of e we now propose to 
use will therefore be the old value divided by B. As B was 5 for the Sellers 

bearing, our e will now equal 220H ^^ ^ = ifoo ^-^-U' P®' minute per 

square inch of external housing area, per degree Fah. difference of temperature 
between surface and air, is ihe coefficient we shall now employ. 
We have then 

^^^Q^^dt==OO3GkPd0 + ^ldedt, . . . (4) 
This may be written 
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Taking d = |; N = ^-^; c = 10 and B = 10 ; we get 

(1200)' _ A. d0 1 ^ 
3230 -10 ''^ + irO^ <^^ 

f =4? + iC/" <122) 

This is of the form — 



and its solution is — 



y^ + my2 = » (7) 

?/« = 2C* — + ^ (8)1 

Thus *' = ^ + ^ • <^> 

When ^ = 0, the liearing has the air temperature ; i.e, = and 20 = — 



Therefore 



ml e 



(10) 



In equation (122) n = -r-and m = =-^ ^ 

.71 130 X llA ^ .^^ J o ^ 1 
/. - = = = 1430 and 2mt = =-^t 

Application to a lathe of large size with 

h = 100 in. and t = 180 mins. 

t_ 180 

s»» = t™ = t»« B 1-387 
(log *»*" = 0-328 X 0-4343 = 0142 = log 1-387) 

1 - i-.lon = 1 - 0*722 = 0-278 ; y/(f278 = 0-527 
i'oo7 

hence tfia, = 38 x 0527 = 20° FaK 

^ifio = 20 + 60 = 80° Fah. 

That is: a 100-in. centres lathe should rise in temperature to 80° Fah. 

after a three-hours' run at N^ = — ^ — revs, per minute, no matter what the 

load may be (provided, of course, it is not great enough to break the 
oil film). 

» Vide Boole's " Differential Equations," 1865, p. 38. 

The form y ,^ + my* = n can be reduced to the linear form J' + Py = Q as foUows : — 

Put y. = 2«: then yp = yff = ylf = f 

Substituting, we get J^- + 2mv = n. 

The solution of ^^ + Py = Q is 

y = t-^'f'lf^^'^Qdx + C] 
Here P = 2m and Q = n ; 

Hence v = Ce" **• + -** 

2m 

and yt^2Ct-*^- (8) 

m ^ ' 
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The final temperature it will attain is 

0, = 38 or t^ = 98° Fah. 

This value is less than that previously obtained {vidt p. 201) because 
we have assumed the external area of the housing to be twke as great as for 
the Sellers bearing used by Stribeck. 

For a 10-in. lathe, with t again = 180 minutes, we shall have 
100 

,« = ,»•« = 263 
(log a'^ = 3-28 X 0-4343 = 142 = log 2630) 

1 - i = 1 - 0038 = 0-962 ; v/6^62 = 0*98 
Zoo 

Hence flieo = 38 x 0-98 = 37-3 ; and t^ = 97-3 

That is: a 10-in. lathe front bearing will have attained practically the 
final temperature (98° Fah.) after a three-hours' run at its highest spindle 
speed. 

Large lathes are liable to run continuously for longer periods than small 
ones. 

We should, therefore, take a larger value of t than 180 minutes for large 
lathes ; and it will probably be best in every case to design the bearing for 
the final temperature. 

This will lead to a result not very materially smaller than that already 
obtained on p. 202 ante ; so that the rule 

l=\ • • (121) . 

is again afforded as giving the length required to keep the hearing pressure below 
the limit at which rupture of the film is likely to take pla^ at the higher 
spindle speeds. 

Case IL — We have next to consider the second of the extreme conditions 
under which a lathe spindle has to ran, as specified above — that, viz., of 
carrying a heavy load or sustaining a heavy cut at a very slow speed. 

What now happens is the entire collapse or tearing asunder of the film 
of lubricant, owing to the slow speed at which the bearing is being worked. 
Stribeck's and Heimann's curves of speed and pressure, at constant tempe- 
rature, show that, after the minimum points are passed, as the speed still 
further diminishes, the coefficient of friction begins to rise very rapidly, and 
that, whatever the load may be, all the curves converge upon the value 0*15, 
the coefficient of " dry " friction for greasy metals, determined by Morin. 

In the case of such imperfectly lubricated journals, Beauchamp Tower 
found that 250 or 300 lb. per sq. in. was the highest pressure at which his 
bearing would run without seizing. Assuming therefore a pressure of 200 lb. 
per sq. in. of projected bearing area as safe for the front journal of a lathe 
when loaded with a force due to its standard cut — viz. 40^^ lb., — we obtain 
the very simple rule — 

, 40A« 40A» _,^ 

^ = 200d" 200^73-"^^ ^^^^^^ 

for the length of the front bearing. 

It will be of interest to inquire whether it is physically possible to give 
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such large dimensious to the front bearing of a lathe as would be necessary 
to prevent the oil-film from being broken at the low speeds and high pressures 
which frequently occur. 

The Sellers bearing gave the relation Vo = \p, and the bush bearing 
y, = T^ for these points. If, therefore, the surface speed of the journal be 
V feet per minute, the bearing pressure may not exceed 2i7 lbs. per sq. in. for 
a bearing in halves, and IGt? for a solid or bush bearing, if metal-to-metal 
contact of journal and bearing is to be avoided. 

Applying this principle to the actual case, we must find what surface 
speeds are met with in practice, and what bearing pressures we encounter 
when the lathe is running at its slowest velocity of rotation and taking its 
deepest cut, or carrying its heaviest load. 

It may fairly be assumed that every lathe will at times be called upon to 
take a finishing cut at a speed of 18 ft. per minute upon a heavy job of face 
plate diameter of the greatest length the lathe can take in, and of which one- 
third the weight will be taken by the front journal. We obtain, therefore, 
the following value of load and speed : — 

The weight of the job assumed, 2A in diameter and 6A long, is 



^(2/0^ X 6A X 0-3 lb. = 5-66A3 



lb. 



One-third of this will be 2A® (allowing for the weight of face-plate, 
etc.), or W = 2/i8. 

If the bearing be taken of diameter - the rubbing speed is ^ ^, = 3 ft. 

per minute; and, according to the above table, the safe load is therefore 
from 6 lb. to 48 lb. per sq. in. of projected bearing area. But the actual 

bearing pressure will be, if we assume the usual value h for the length of the 

journal, 

f = ,4 = -p- = 12A; i.e. 120 Ib./sq. m. 

2^3 

for a 10-in., and 600 Ib./sq. in. for a 50-in. lathe. 

We see, therefore, that it is impossible to give the large dimensions to the 
front bearing that would be necessary to prevent the oil film from being 
broken at such slow speeds ; and, as a matter of fact, lathe spindles turning 
at the slow speeds used for heavy cuts inevitably run metal-to-metal with their' 
brasses, giving rise to tJie high frictional resistance corresponding to the coeffi^ 
cient of friction of O'lb for greasy metals. 

The work thus spent and wasted on friction and wear may, as worked out 
above, amount to from 2 per cent, to 11 per cent, of the total useful work 

area = ?taq)- From i to 9 

horse-power is, therefore, wasted, according to size, on the friction of the front 
journal alone when the lathe is running at these slow rates with a heavy job 
between centres. 

Even if the job be light, and the thrust on the front journal that due to 
the standard cut only, we saw above that 2^ per cent, of the useful work is 
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spent on friction on any size of lathe when tlie speeds are so low as to squeeze 
out the oil film. 

We are here face to face with a very serious loss of power, and a corre- 
spondingly large amount of wear of the spindle and brasses in the front bear- 
ing, not at all due to high speeds of rotation of the spindle ; and it is owing 
to this that the elaborate arrangements for adjustment of the spindle in a 
lathe headstock have to be provided. 

It is impossible to give enough area in the front bearing of a lathe head- 
stock to prevent metallic contact of journal and brass at the slower speeds, if 
dependence is placed upon the lubricant being carried in by the ordinary 
action of the shaft's rotation, the supply being automatic. 

By using a separately driven force pump, however, and injecting a 
stream of moderately heavy oil into the bearing near tlie place where the 
pressure is greatest, it is possible to raise the journal off the brass even when at 
rest, and to keep it floating with a film of oil interposed between itself and the 
bearing when in motion, be that motion as slow and the load as high as it may. 

If metal-to-metal contact can in this way be prevented at slow, and by 
the ordinary methods at high speeds, there seems to be a possibility that wear 
may be entirely elimiTiated. 

If this be BO, it follows that adjustments for wear are unnecessary y and 
instead of the elaborate and expensive designs of front and back bearings 
which are now used we may expect that a simple solid bush of ample thick- 
ness and of a length not greater than 2\/A', as indicated above, will meet every 
requirement. 

Such a solid bush, of hard bronze round the steel spindle, has a great deal to 
recommend it from the point of view of accuracy of fit, solidity, and stiffness, 
as compared with the intricate methods of adjustment which are now common. 

The Length of the Back Bearing. — The diameter di = ^, and N is, as 

, . 3600 
before, ——' 

Therefore rfiN = 900 

and (rfiN)^ = 165 

Therefore Q\ = ^%^ = 41° Fah. 

(Or the terminal temperature is 101° Fah.) This must be equated to — . 

m r .1 407rd2N/ ^^d?m ^ 

Therefore 41 = - -^i^V' = ^^ p~ 

or / = 4/^ (126) 



Taking P = 2Wd = „ and N = 



^ _^ XT 3600 
4' 



_ 20 X A» X 16 _, 

"" ^ A^ X"3600~ - ^ ^ ^ 1«^ 

= 0-36A . (127) 

The Length of the Back Bearing should be ^ of the Height of Centres. — 
This line has been plotted on Fig. 104, and may be compared with that drawn 

to fit the spots from practice. This has the equation / = -^ -I- 2 . . (128) 

o 



CHAPTER XXVI 

THE MAIN SPINDLE (contimied)—THH\JST BEARINGS 

Thrust Bearings. — In small lathes the methods generally adopted for taking 
the thrust and pull of the spindle are shown in Figs. 93 and 94. In Fig. 
93 the washer and check nuts on the spindle at the right-hand side of the 
bearing take the thrust, whilst the pull is taken by the washer and nuts on 
the rotating and sliding bush at the left-hand side of the bearing, any lateral 
movement of this bush being prevented by the check nuts on the end of the 
spindle. In Fig. 94 the thrust is taken on the pin in the thrust block at 
the tail end of the headstock. The block is fixed to the headstock by studs 
or bolts, and the thrust pin is adjusted and held in position by the nuts on 
each side of the block. The pull of the spindle is taken by the check nuts 
on the end of the spindle, which bear against the bush in the cheek. To 
prevent the turning of the nuts by the friction between them and the 
bush, a washer pinned to the spindle, so that it will rotate with it, is 
introduced between the nuts and the bush, as in Fig. 93. Without this 
there is a tendency for the nuts to turn, and lock or release the spindle, 
depending on the direction of rotation and hand of the thread. 

For convenience in construction, and to reduce the distance between the 
front driving wheel on the spindle and the face plate, and the overhang of 
the latter, the thrust bearing is generally placed at the tail of the headstock. 
The pull and thrust should be taken as near to one another as possible, so^ 
that, in the event of the spindle or bearing heating and lengthening, 
jamming and excessive friction are reduced to a minimum. With this object 
in view, Messrs. Wm. Sellers and Co., Philadelpha, U.S.A., devised an 
arrangement similar to that shown in Fig. 96. Here the thrust and pull 
are taken on each side of a hardened steel collar pinned to the spindle. The 
thrust block takes the form of a cup, and is bolted direct to the facing 
on the tail cheek of the headstock. The thrust pin here takes the form of 
a ring of hardened steel, and through it the spindle may pass in order to 
receive the feed wheel or the driving wheel to the reversing gears, which may 
be placed outside the cheek without undue overhang. The cup is screwed to 
i*eceive the thrust ring, which is provided with a locking nut, and bears 
against the collar on the spindle. The spindle is slightly reduced in diameter 
to form a shoulder against the collar, and so transmit the thrust. On the 
end of the bush in the headstock cheek is pinned a hardened steel washer, 
against which the collar on the spindle bears to take the pull. 

A similar arrangement to the above is shown in Fig. 97, where multiple 
steel and phosphor bronze washers are used to reduce the liability to seize. 
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In this case the cup and thrust block is combined with the nut on the end of 
the adjustable bush, and a hardened and ground steel washer is pinned to the 
inside of the cup — which would be difficult to grind or harden — to receive 
the thrust of the spindle. A similar washer pinned on the outside of the 
cup, and bearing against another on the spindle, supported by the cheek 
nuts, takes the pull of the spindle. 

The thrust bearings shown in Figs. 99 and 100 axe almost identical with 
that of Fig. 94, with the exception that provision is made at two places in 
each case to take the pull on the spindle, viz. on the left-hand side of the 
front and back cheeks. In Fig. 100 the nut on the right-hand side of the 
rear bearing is intended to assist the pin to take the thrust. A recessed 
phosphor bronze washer is introduced between the tail of the spindle and the 
thrust pin, which can be readily replaced. A split nut provided with a lock 
bolt takes the place of the usual pair of nuts. In large sizes the keys for 
these nuts are clumsy to handle, making a delicate adjustment very difficult, 
as both keys have to be worked together when locking. With the split nut 
adjustment can be more easily made, and the nut locked by an ordinary 
spanner. Both these methods have been largely used by several firms in 
heavy lathes ; but in view of what has already been said about the expansion 
of the bearings and the spindle, the design of Fig. 100 is not good practice in 
this respect. Where thia design has given no trouble, the rubbing speed has 
been low, and there has been abundance of bearing surface, and consequently 
little or no heating. As a general rule, however, all the nuts have to be 
eased off when the lathe gets cold, and they only bear when warmed up by 
running. The mechanic fails to take into consideration this change in the 
condition of the parts, and concludes that it is next to impossible to adjust 
such bearings. In some cases it has been only when the troublesome thrust 
bearing has been withdrawn that the machine has worked satisfactorily. The 
design is altogether unsatisfactory, and is the outcome of a desire on the part 
of the makers to err on the safe side by securing in a cheap way an abundance 
of bearing surface. If provision is made by copious lubrication all the 
necessary surface can be easily obtained by one surface. This is equally true 
both for the thrust and the pull, although the former is generally greatly in 
excess of the latter. Some makers prefer, for heavy lathes, the design shown 
in Fig. 101, which is really the marine propeller shaft thrust block. The 
thrust is here distributed over several collars, and the pull is taken by the 
washer and nuts on the tail of the spindle. 

Whilst conical roller bearings have been used to some extent by several 
makers to take the thrust of the spindle, their adoption has been anything 
but general, owing to the objectionable end thrust on the rollers. These 
bearings are designed with the apices of the cones meeting at the centre of 
the shaft ; and to keep the end thrust of the rollers within reasonable limits, 
so that the outer ends may not be injured, the aogle of the cone does not 
exceed 6i deg. Fig. 113 illustrates a bearings of this type, by the Standard 
Machinery Company, Providence, RI., and the annexed table gives particulars 
of their recommended sizes, loads, and speeds. These suggest that the 
working load is inversely proportional to the speed of revolution, and that 
for any one speed the load increases almost in proportion to the square of the 
roller diameter. Experiments to determine the coefficient of friction for 

p 
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these bearings have been few ; but the average value appears to be some- 
where about 00025. 

Ball Thrust Bearings. — Ball bearings are now 
largely used to take the thrust of the spindle in 
high-speed and carbon steel lathes, and seem to give 
every satisfaction, even in comparatively big machines. 
The repeated failures of this type of bearing in its 
early days were no doubt due to irregularity of size 
or shape of the balls and plates alike, to indifferent 
construction and to lack of uniformity in the com- 
position of the materials employed. 

Some of the leading ball bearing manufacturers 
now guarantee the balls to be within one ten- 
thousandth of an inch both as to absolute diameter 
and as to sphericity. Great care must be exercised 
in the construction and fixing of these bearings, as 
in such hardened steel parts the fit must be absolute. 
They are satisfactory only so long as the balls and 
races are in perfect condition. There is little or no 
appreciable wear in these bearings. After running 
for years their destruction is brought about more 
by the breaking up of the surfaces than by wear. 
The conclusions of a long series of experiments and 
of experience by the Hoffmann Manufacturing Com- 
pany have led them to recommend the working loads 
for various speeds as shown on Fig. 114. The 




Fig. 113. 



Partkiilars of Roller Thrust Bearings hy the Standard Machinery Co., RJ. 
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Area of 
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224,000 
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working load in pounds is plotted on a base of revolutions per minute, and 
indicated by the small open spots with a thick full line through their mean 
values. Each curve co-ordinates the permissible loads with the speed of 
revolution for one particular diameter of shaft. The number and diameter 
of balls are dependent only upon the diameter of the shaft. The values 
allowed are plotted on a base of shaft diameter, the number being indicated 
by the black spots surrounded by circles, and the diameter by the black 
spots only. 

Plotted on the same figure are the results of experiments made by Mr. 
T. Hill with ball and roller thrust bearings at speeds between 1110 and 1150 



St^ndsniB^ii T^f^st h^jrim^s^ poi^tr last in 

frtctioiisa&itS A Rosier Thrust Bearing _ 




m m 3h too ss€ soomt^ 



mfUs: /0s£. tn fna}<m in Ml I fwtkr thrust bemrings. 

Pig. 114. 



revolutions per minute. The loads are plotted on a base of watts lost in 
friction for the various values. The ball bearing in each case consisted of 17 
balls i in. diameter, and similarly in the case of roller bearing. To determine 
the size and number of balls in a thrust bearing for a given size of lathe, we 
proceed as follows : Taking the thrust on the spindle at 25 per cent, of the 
vertical force acting on the tool when taking the standard cut, we have 

T = 25 ^jjTfi tons, or T = 10^^ lb. approximately — the same at all speeds. 
6400 

The highest spindle speed at which the standard cut may be expected to be 
taken will be that corresponding to a cutting speed V = - + 15 on a 
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diameter not less than ^. This gives a spindle speed equal to N = — p — 

+ — 1~, i.«. twelve times N,; and this is the greatest speed at which the 

bearing is relied on to carry the above thrust. 

Using now Diagram 114, we find on the left-hand scale of loads the value 

of T = lOA* for the thrust, and on the horizontal scale of speeds the value of 
N for the revolutions. Where these values intersect, we 
choose the nearest curve of the size of shaft, and from the 
horizontal scale of shaft diameters we find the number and 
diameter of the balls. 

The law of variation of safe load on a ball bearing of 
the type shown in Fig. 115, and for which the diagram (Fig. 
114) gives us the values as curves, is — 




^ _ 43007iffl ^^ 



(129) 



Pig. 116. 



where n = numter of balls, 

8 = their diameter in inches, 
N = working speed in revolutions per minute. 
Now the longitudinal thrust corresponding to the standard 
cut is (see above) T = lOA^ lb. Therefore— 

43007iS^ 



10Aa = 



^ 



or 






153,600 , 360 



Again, we may for simplicity take, instead of N = — ^g - + -^, 



N = 
Substituting this, we obtain — 

71^2 = 



20,000 



142 ft 

430/i " 3 



Hence 



8« = 



371 



(130) 



Thus, for an 18-in. lathe, if we assume eighteen balls — 

18 



8« = 



1 
3 X 18 - 3 
ga = 0-58 = j9, in. 



This gives a simple method of determining the size of the ball thrust 
bearing required for a given lathe ; alternative to that by the use of Diagram 
114, described above. 

In Table A the results of this method are given for lathes from 6 in. to 
72 in. centres. 

Fig. 95 shows the type of ball thrust bearing most commonly used for 
lathes, although it is preferable to have the two races as near together as 
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possible, as in Fig. 98, to reduce excess of pressure produced by heating. 
It is clear that, to ensure proper running of the balls in the race with a 
minimum of grinding action, the lines drawn through the points of contact 

must cross at the centre of the shaft, and that^ = -, as shown in Fig. 115. 

Many are of the opinion that in ball and roller bearings there is a perfect 
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Fig. 116. 



Pig. 117. 



rolling motion, and that any lubricant is unnecessary. It has been clearly 
demonstrated, however, by Professor Osborne Eeynolds that the material 
gathers in front and behind the roller or ball, and thus causes relative sliding 
with accompanying friction. Fig. 116 shows an old type of thrust bearing 
with double ball races; whilst Fig. 117 gives the double ball thrust bearing 
of the Auto Machinery Company. In Fig. 116 the load is distributed over 
two sets of balls, whilst in Fig. 117 each set carries the whole load. The 
speed of rolling is reduced in both sets of balls in the latter, whilst in the 
former it is reduced to one set only. 
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BEARINGS FOR SIDE SHAFTS, COUNTEESHAFTS, AND LINE SHAFTS 



Bearings for Side Shafts. — In heavy lathes the side shafts are frequently 
made to run in bearings similar to that of the main spindle. Generally, 
however, for convenience in machining, the steps are of the type shown at 
D and E in Fig. 118, with the split at right angles to the pull of the strap, 
and pegs on one or each half to prevent the bush from turning. The design 
shown at F is after a continental pattern, where adjustment is made by 
screws in the cheeks thrusting forward the pads. In small lathes the bush 
is usually a complete ring driven into the cheek of the headstock. It is 
practically impossible, even in well-proportioned bearings in ordinary use, 
to confine the friction to the shearing of the oil films which surround the 
shaft, as the supply of lubricant is more or less intermittent and the film 
discontinuous; consequently, there is considerable work lost by the shaft 




Fig. 118. 

sliding in the bearing. To reduce this lost work roller bearings have been 
introduced where the sliding friction of the loaded surfaces has been converted 
into a rolling motion. The rollers are frequently simply built around the 
shaft and carried by a casing. In this case there is a sliding motion between 
the rollers themselves, and as it is essential for the satisfactory working of 
the bearing that the rollers shall always remain parallel to the shaft, they 
must be parallel in themselves, otherwise they will slew under the load and 
produce a grinding action. The lack of truth of the surfaces and uniformity 
of size of the rollers has generally been the cause of failure of this type of 
bearing. From these considerations it is apparent that the metals employed 
must be of uniform character and hardness. Very good results have been 
obtained where the rollers have been made of a medium carbon tool steel 
hardened to an ordinary spring temper, and the cases of a similar quality of 
steel, but tempered as hard as* possible. Where cast iron has been used for 
the latter the rollers simply ground it into powder, and soft steel is soon 
laminated and compressed, thus enlarging the bearing. For high speeds balls 
are to be preferred to rollers, which are inclined to be noisy. 
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Professor Stribeck, in his investigation of ball and roller bearings, 
concluded that in the former the equivalent projected area was equal to one- 
fifth the number of balls, multiplied by the square of the ball diameter, 
whilst for roller bearings the equivalent projected area was equal to one-fifth 
the number of rollers multiplied by the length and diameter of the same. 

The average of a large number of experiments made on the power 
consumed to drive the shafting alone in a well-appointed mswhine shop in 
which ordinary lubricated bearings were in use gave as a result that about 
12 J per cent, of the total power developed was required, and a similar amount 
for the countershafts. Where roller bearings have been substituted this loss 
has frequently been reduced 25 per cent. 

The conclusions arrived at by Professor Goodman in his investigation of 
the starting and running friction of roller bearings are as follows : — 

Load. — That the friction per ton decreased as the load increased. Under 
the pressure of 1000 lb. at 40 revolutions, the bearing friction was at the rate 
of 8*512 lb. per ton of load ; but under a pressure of 10,000 lb., at the same 
speed the friction had decreased to 3'584 lb. per ton of load. 




Fig. 119. 



Speed. — That speed has very little elBFect upon the coefficient of friction. 
In the case of a load of 1000 lb. the coefficient was constant between the 
speeds of 40 and 480 revolutions per minute ; and in the case of a load of 
10,000 lb. it varied from 00016 at 40 revolutions, to 00013 at 160 revolu- 
tions, and remained constant at this figure to 480 revolutions, the highest 
speed attained in the trials. 

Starting Effort. — That the slight friction to be overcome in starting was 
practically the same as in running. 

End Thrust. — That the end thrust in a correctly constructed bearing was 
" practically nil." 

The Empire roller bearing shown in Fig. 119 is fitted with a gun-metal 
cage, consisting of two end rings connected by parallel bars, within which 
the solid rollers are so confined that they remain parallel to the shaft, and 
thus reduce the tendency to cross-wind. For convenience in erecting the 
cage is made in halves, one part being securely dovetailed into the other. 
The rollers are of a high-quality steel, and of about three shaft diameters in 
length, and are carried by a circular steel casing, having a universal swivel 
seat, which fits the outer cast-iron pedestal. Here the principal sliding 
motion is between the rollers and the cage, which rotate with the shaft, 
although the cage takes none of the load. The leading dimensions of this 
bearing are shown in Fig. 120. This design of bearing is found to give much 
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greater satisfaction than that with the free rollers. Some jnakers prefer to 

fit a hardened steel muff on the shaft, to prevent lamination of the same by 

the hardened rollers. If the rollers are soft they lengthen, and are a constant 

source of trouble. 

General dfmenaiona of the Empire Roller Bearing, 
to 




r z' y 4' s' 

OiBmtter of ShMftfin metie^. 
Fig. 120. 



In the Kynoch bearing, shown in Fig. 121, the casing is of cast iron and 
in halves, accurately fitted to prevent relative movement. Instead of the 
solid continuous roller there is a series of short independent rollers, made of 
a special quality of sheet steel, and formed by roUiug the blank into a hollow 




Fig. 121. 



cylinder. The advantages claimed for this construction of roller are that the 
fibre of the steel is always in the direction of rotation, and this gives them 
an amount of elasticity which is never overcome by the load they have to 
sustain ; that they are flexible. The rollers not being " hardened " do not 
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laminate the shaft. To reduce the amount of friction between the rollers and 
the guiding cage there are only three compartments in the same. 

Bearing Proportions for Back Shafts in Headstock. — In considering this 
question we have to bear in mind two radically distinct conditions under 
which the journals may work in the bearings. First, the journals may have 
always an abundant supply of oil which is carried in to such an extent as 
invariably to preserve a complete film all around them, even at the lowest 
speeds at which the back shafts have to run. This carrying in may be effected 
either by the shaft itself dipping in a bath of oil, or by its receiving oil carried 
up from the bath by one or more rotating collars or loose rings ; or, on the 
other hand, by the pumping in of oil at the place of greatest pressure in the 
bearing by mechanical means. 

Secondly, the supply of oil may be liable to fail either because it is not 
regularly supplied, or because, even when the beaiing is flooded, the speed of 
the shaft is too low to carry in the requisite amount of oil against the given 
bearing-pressure at the working temperature. In that case the oil flows 
round in streaks or patches, leaving portions of the journal surface altogether 
unlubricated or merely unctuous. We have, in fact, wholly or partially, a 
metallic contact of journal and brass taking place. 

We may distinguish the two conditions by the names Ivhricated heaHngs 
and greasy bearivgs for the first and second cases respectively. 

The second condition is the more usual in the journals of lathe back-shafts, 
and the one which must be provided for in the proportioning of their bearing 
surfaces. 

Oreasy Journals. — Experimental data giving results applicable to the 
design of such imperfectly lubricated, i.e. merely greasy bearings, in which 
the journal revolves in actual contact with the brass, are ahnost entirely 
lacking. Beauchamp Tower found that, with imperfect lubrication, the 

greatest " bearing pressure " ip = j^j at which his bearing ran without seizing 

was from 258 lb. to 328 lb. per square inch. Assuming, therefore, a pressure 

of 200 lb. per square inch of projected bearing area as safe for the journals of 

lathe back shafts which are liable to be sometimes imperfectly lubricated, 

and estimating the load as a function of their given diameter d, we are led to 

the simplest possible formula for the length of bearing required. The force 

P transmitted to or from the given shaft at the radius E of the belt pulley or 

spur-wheel transmitting the load should be considered as the load on either 

bearing ; since it is liable to become so if the belt or spur wheel is shifted 

d^f 
close up to it. Now PK = ^ ; and, taking / = 6000 lb. per square inch, 

and li = 3(i{ as average values : we have 

,, <P X 6000 ... ^ , 
1 = U X 51 = ^^^^' °^^^y 

P 

Now « = - = 200 

dl 

Therefore 200rf/ = 400rfP 

or / = 2(i . . . ^ (131) 
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The fact that this proportion agrees with practical experience merely 
shows that the above assumed values for PR, / and jp for such shafts have 
been selected of at least the right order of magnitude. 

Individual instances for which P and R are actually known may be 
treated, as they arise, by the same method. 

Lubricated Jonmals. — For ring oiled bearings or other cases in which an 
abundant supply of lubricant can always be maintained between journal and 
brass we proceed in the manner already indicated for the main spindle. 

The critical temperature of the bearing expressed as an excess above 

40t7 
60° Fah. is : 6e = — ^ ; «?« being the speed (ft. per min.) at which metallic 

contact is in danger of occurring under the given bearing pressure 'p (lb. 
per sq. in.). 

The finally attained temperature of the bearing of diameter d (inches) 
[after running, i.6., for several hours] at the speed of revolution N (revs, per 
min.) is (also in excess of 60° Fah.) 

= -^- 

For cool running, without wear, we must therefore have 6 less than, or &t 
most equal to, %^, i,e. 

4 < P 

Now if Z is the (unknown) length of the bearing and P its given load, wo 
p 
liave^ = ,i. Also, if the final temperature attained is allowed to be just 

over the critical temperature corresponding to the given speed and load, 

then v^ = — — . So that we have — 

4 " ~ 12P 

or ^ = - ^ (132) 

40Ny* "^ ^ 

p 

The values of jp = tj = 40 (d N)* have been calculated for the various 

values of N and d, which usually occur in lathe back-shafts on the fast head- 
stock; and liave been plotted in the diagram annexed (Fig. 122). 

Thus, e,g., if we have a shaft of 2-in. diameter running at 100 revolutions 
per minute, the bearing pressure which must not be exceeded if a complete 
film is always to be maintained, is by the diagram 150 lb. per square inch. 
Hence if the load (P) were 1200 lb., the length of the journal would be 



/ P _1200_8\ 

V " i50d " IbOd " d)" ^"' 



If the load were 2400 lb., the journal would have to be 8 in. long, and so on. 
With the same diameter of shaft, if the speed were only 25 revolutions, 



220 



LATHE DESIGN 



the bearing pressure allowed would be reduced to about 100 lb. ; and the 
length would be 

If, on the other hand, the speed were 500 revs, per min., the bearing 
pressure might be as high {is 225 lb., and the length need only be 

, 1200 „, . 
^ = 2255 = 23 ^°- 

In other words, the allowable bearing pressure JP = ^ varies between 

120 lb. and 225 lb. per square inch, according to the expression, for the 
different speeds and diameters above indicated. 

The satisfactory agreement of these bearing pressures with the figures 
given by Unwin, "Machine Design," vol. i. p. 248, as having been found to 

agree with practice, for 
those cases in which the 
load id steady in amount 
and direction and the rota- 
tion not reversed, as is the 
case with lathe back shaft 
journals, shows that the 
new theory of journal pro- 
portioning herein proposed 
is at least worthy of further 
trial. 

It will be noticed that, 
contrary to the views 
usually maintained, the length must be greater the dowtr the speed. This 
is obviously true ; for the slower the speed the lower must be the bearing 
pressure— i.e. the greater / for a given d — in order to enable the journal 
to drag in the quantity of oil required to maintain the film at its 
thinnest part. 

If the load on the journal may be assumed, as before, to be P = 400cP, 
then — 
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Z = 



400rf2 



(120 to 225)rf 



= 3-3d to VU 



. . (133) 



Tlie length of a well-lubricated bearing for a back shaft may be 1*8 
diameters long if the speed is high, but must be 3 J times the diameter if the 
speed is so low as 80 revolutions per minute. 

Bearings for Countershafts and Line Shafts. — Fig. 123 shows the standard 
pattern of swivel bearing of the Unbreakable Pulley Company, Limited, 
Manchester. These bearings are all made of a length equal to four shaft 
diameters, and are provided with a central ball seat which fits the sockets 
in the ends of the vertical adjusting screws. The nuts for these screws are 
cast with the hangers, and the arrangement permits of rapid and easy erection. 
Fig. 124 shows a self- oiling swivel-bearing by the same firm, which is 
interchangeable with the bearings mentioned above, so that they can be used 



BEARINGS FOR SIDE SHAFTS, COUNTERSHAFTS, ETC. 221 

in any of their standard fittings. In experiments made by them they found 
that the abundant lubrication secured with the two rings enabled them to 
reduce the length of the bearing from four to three diameters. It will be 
observed that the bearing contains the features of a well-designed self-oiling 
bearing — ^large oil reservoir with ample settlement space ; no loose lids or 
covers ; a reversible elbow which serves as a filling plug, level gauge, and 
emptying cock, the length of the elbow being such that the bearing cannot 
be overfilled ; outer casing long enough to include collars which help with 
the lubrication ; ample oil-lifting by means of a ring at either side of the 
centre, as shown ; rings in halves, and leakage prevented by drain channel 




Pig. 128. 



in joint. Fig. 125 shows a design of self-oiling pedestal with white or 
Babbitt metal lining. 

The proportions given to such well-lubricated bearings are easily justified, 
and shown to have a rational Foundation by the use of our formulae deduced 
from Stribeck and Heimann's experiments. 

As already explained in the se3tion on bcwk-shaft bearings, we must have 
for the maintenance of a complete film 



1=1^^^ 



(132) 



or, 



P = j^= 40(dN)* 



Id 



The values of this expression have been plotted in diagram 122, and, 
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taking as an average value suitable for the ordinary sizes and speeds of line 
(and counter) shafts from that figure, the value 'p = 180 lb. per sq. in., we have 



Id 



= 180, or P = 180W 








Now, in the above-mentioned system of bearings the length is taken 
equal to three times the diameter, which gives 

P = 180 X 3d» = 540rf2 

This means that if those bearings are correctly proportioned the load on 
them must be proportional to the square of the shaft diameter. 

The allowable load on a line shaft may be fixed either by a consideration 
of its strength or its stiffness. If we elect to work by the latter we have 
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PL® 

S = -^ for the central deflection, where P is the sum of all the belt pulls 

and other loads in a length L between bearings, I is the moment of inertia of 
the shaft section, E is Young's modulus, and 71 is a constant ; but the central 
deflection which is allowed in practice is proportional to the span (L), 

^y = 400 

t^«^^^°™ 400 = »EI 

from which we eas^ily deduce that ^ = 77 j 2 (134) 

The span between bearings is in practice, however, usually proportional 
to the square of the shaft diameter ; therefore P varies as cP ; just as it 
should do if the practice of making tJie length of the bearing a fixed ratio to 
the diametei" is to be justified. 

And if the span between bearings varies as the square of the shaft 
diameter, which in practice is nearly realized, then 

V = cd? 

So that the above required condition is fulfilled; and the method of 
sizing the bearings for shafting, by which their lengths are made a constant 
number of times their diameter, is shown to be justified by experimental 
results rationally interpreted. 

Forced Lubrication. — By the use of a pump to force the oil drawn from 
a reservoir into the bearing n^ar the point of maximum pressure the length 
of the bearing can be very much diminished, even for the slowest speeds, 
especially for journals whose load and rotation directions do not change. 

The rules for design above indicated no longer hold good. The finally 
attained temperature of the bearing will, perhaps, not be much affected by 
the mechanical feeding in of the oil near the place of highest pressure ; but 
there is no longer any question of a critical velocity depending on that final 
temperature and the given bearing pressure. For, even with the heaviest 
loads and slowest speeds, the pump will always avail to preserve a film of 
oil between shaft and bearing at the point of nearest approsujh. The length 
of the bearing is now governed only by the necessity of avoiding the escape 
of the oil from the ends of the bearing and forcing it to pass round and 
through the place of maximum pressure. 

In all probability the length need not be more than equal to the diameter ; 
and, if this be so, it means that the use of siich bearings implies the possi- 
bility of reducing the friction of line shafts by about two-thirds of its present 
amount. 

The annexed figures (Fig. 126) show such an arrangement, where, however 
— probably for sentimental reasons — the bearing is two diameters long. It 
is sold by the Forced Lubrication Co., Limited, 21, John Street, Adelphi, 
London, W.C. 

On the sliaft is placed an excentric collar C. D and D^ are end chambers 
to contain the oil ; E is a passage to connect the end chambers together ; 
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F is a pump plunger or thimble, made from steel tubing forced on to a solid 
end; G are inlet holes in the plunger for oil to pass to the inside of the 
pump. H is a spring to keep the plunger against the excentric; I is a 
non-return ball valve ; and J an outlet from the pump to the shaft. L is 





Fia. 126. 



a screwed plug to drain oflf spent oil and dirt, and M are leather washers to 
prevent the oil travelling along the shaft ; N is a screwed plug for drilling 
and cleaning the passage E. The pump plunger or thimble F is reciprocated 
by the rotation of the excentric. When the plunger F is at the top of its 
stroke, the oil in the end chamber D escapes through the inlet holes G inside 
the pump. As the plunger descends the inlet holes G are cut off by the 
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casting, and thus the oil is forced past the non-return valve I, and through 
the outlet J to the shaft. 





Fig. 127. 




Fig. 128.— Tilston's Patent Automatic Fobced Lubbication System fob Vebtical 

Beabings. 



Figs. 127 show the application of tlie method to an existing beariug, and 
Fig. 128 to a vertical shaft. With such bearings there ought to be no wear 
at all, except that due to the absence of an oil film at starting up. 



CHAPTER XXVllI 

KEVEBSING MECHANISM TO FEED MOTIONS 

• 

Generally, where parts of machines have to be stripped to efiTect a chflthge, 
a considerable amount of time is lost in performing the operation. If the 
parts be small they are liable to become misplaced or lost, and are almost 
sure to be damaged. Recognizing this, the leading tool makers have for 
some time striven to make their machines as self-contained as possible in the 
more essential parts. Amongst those details which have received considerable 
attention are the reversing and feeding mechanisms. The old method of 
obtaining a reverse direction of motion when screw-cutting or feeding by the 
introduction of an intermediate wheel in the change-wheel train has now been 




Fig. 129. — Gbeenwood akd Batlsy Headbtocx. 



displaced in small lathes by a permanent reversing arrangement, generally 
attached to the tail cheek of the fast headstock. Such a device is now looked 
upon as an essential part of the machine. In the larger machines having more 
than one saddle, a reversing mechanism is usually attached to each, so that 
the direction of motion of any one saddle may be independent of that of the 
others. In some of the small machines, where the reversing mechanism is placed 
at the tail of the fast headstock, the direction of the feed is controlled from 
the saddle. The arrangement most commonly used, however, in small lathes is 
similar to that shown in Figs. 129 and 140, which is practically identical with 
that patented by the late Mr. Wm. Muir. The figure shows a design for an 8i-in. 
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centre lathe, made by Greenwood & Batley, Limited, Leeds. The frame E has 
a bearing in the tail cheek, and swings about the axis of the shaft G. The 
intermediate wheels B and C rotate freely on the studs carried by the frame 
E, and either can be eng^ed with the wheel A on the spindle by the 
lever F, which is outside the cheek and keyed to the boss of E. The wheel D 
is keyed to the change- wheel shaft G, and engages the intermediate wheel C 
only. Thus the shaft rotates in the same direction as the spindle when the 
train A, C, D is engaged, and in the opposite direction when driving through 
A, B, C, D. When the lever F — and with it E — is in mid position the 
gear is entirely disengaged. Provision is made in the wheel guard to receive 
the spring plunger pin in F, and 
thus locks the gear in any one of /^I - 

its three positions. Since the re- ^ ' ^ 

versing wheels are almost con- 
tinually in gear, and more subject 
to wear than any other train in 
the lathe, they are frequently 
made of steel, and machine cut. 
The wheels A and D are usually 
alike, in which case the shaft G 
rotates at the same rate as the 
spindle. Since the wheels B and 
C ride on the studs, and have 
generally short bearings, in order 
that the overhang of the wheels 
and length of the headstock may 
be small, they should not be less 
in diameter than A or D. On 
account of B and C acting as driver and driven wheels, and being consequently 
subject to twice the wear of A or D — although not on the same side of the 
tooth — their diameters should be twice that of these wheels. A fine pitch, 
and large number of teeth and diameter, reduces the irregularity of motion 
produced by uneven teeth, and gives a smoother motion, due to increased 
contact. 

In many lathes with this type of reversing gear the shaft G is provided 
with a bearing in the headstock cheek only. This shaft should always have 
two bearings, as in Figs. 129, 131, and 133, since the overhang of the wheels 
and drive from each end soon wears the bearing round lengthwise, and 
causes the shaft to rock in the same. 

Some continental firms prefer the design shown in Fig. 130, where an 
additional intermediate wheel is introduced, thus furnishing an independent 
train for each direction. It is difficult to see, however, that this arrangement 
possesses any advantage over that just described, except that when trans- 
mitting power the wear is more uniformly distributed. By having the last 
wheel in the reversing train twice the diameter of the driving wheel on the 
spindle, the wear of the former is reduced, but the parts beyond it must 
be heavier to carry the increased torque than would be the case if these 
wheels were equal. The speed should be reduced as near to the work as 
possible. Again, by having a reduction of speed in the reversing gear. 




130.— Beybbsinq Oeab. 
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as shown, a wheel in the change-wheel train driving a pinion is required 
when cutting a thread greater than half the pitch of the leading screw, thus 
giving an irregular motion. These objections, together with the increased 
loss of power, wear in running light, and noise, more than counterbalance 
what advantages it may be otherwise supposed to possess. 

Another form of reversing gear by the Hendey-Norton Company is shown 
in Fig. 131. The motion is transmitted from the spindle to the mitre wheel 




FiQ. 131.— Hendey-Nobton Hsadbtogk. 



C, through the spur wheels A and B. The mitre wheels C and D are keyed 
to sleeves mounted freely on the change- wheel shaft G, and are continually 
in mesh with E, whose axis of rotation is at right angles to the former. The 
double-faced clutch F, keyed to the shaft G, and controlled by a lever at 
the front of the headstock, engages either or D with the shaft G. 

Generally the clutch has one tooth on each face considerably larger than 
the others, so that it can only engage the wheel at one and the same place. 
Thus, should the teeth of the wheels be inaccurate, the irregularities produced 
in the screw which is being cut are confined to the same place, and the 
likelihood of cross-threading, when cutting multiple-threaded screws, is 
reduced. The chief objection raised against this type of gear is the difficulty 
experienced in obtaining the same d^ree of accuracy in the teeth of mitre 
or bevel wheels as in spur* wheels. Certainly this was the case when cast 
wheels were in vogue, and even to-day, in some of the machines in use, it 
is almost impossible to produce an accurate bevel wheel; yet in the best 
types of the more modem machines there need be absolutely no difficulty. 

This arrangement lends itself also to easy and rapid control from the 
saddle. Some makers, however, whilst retaining this last feature, prefer to 
adhere to spur gearing, and adopt the scheme shown on Fig. 132. The 
wheels £ and F are loose on the change- wheel shaft G as before, the former 
being usually driven direct from the spindle, and the latter through an 
intermediate wheel. Occasionally a supplementary shaft is employed, which 
is driven from the spindle, and carries the above-mentioned wheels to reduce 
the space occupied by them on the spindle. Although not so compact as the 
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previous arrangement, and probably slightly more expensive at the outset, 

it is easier to construct, and more likely to produce an accurate screw. The 

design of clutch permits of an easy 

engagement, and tends to distribute 

the shock over the whole width of 

the teeth when entering. Its cost, 

however, is a frequent bar to its 

adoption. 

The arrangement shown in Fig. 
133 is that adopted by De Fries et 
Cie., Dusseldorf, to secure a series of 
extra coarse feeds or threads other 

than those obtained by the usual reversing and change gears. The wheel A is 
keyed to the spindle, and B to the cone sleeve, both being of the same diameter 
and pitch. The reversing-plate J, between the cheeks, is carried on the boss 




Fig. 182.— Beversing Gear. 




Fig. 188. — Db Fbibs Reversing and Coarsb-pbed Gear. 



of the fixed bracket at the tail of the headstock. The intermediate wheels 
C and D are free to rotate and slide on the long studs carried by plate J 
The extra wide wheel E is keyed to the shaft G, which carries the feed cone 
or change wheels at its outer extremity. The arrangement as shown is 
similar to that illustrated in Fig. 129. The coarse feed is obtained by push- 
ing the rod F (which is secured in the plate K and couples the intermediate 
wheels C and D, yet permitting them to rotate) and the wheels C and D 
forward, so that they may engage with the wheel B, thus increasing the 
speed of revolution of the shaft G in the ratio of the back gear. In the 
push-rod F is fitted a square-headed pin, which passes through the notch 
in the projection on the reverse plate carrier to prevent the wheels C and I) 
being moved laterally when in gear with A or B. The width of the lug on 
the projection is equal to that of the wheels, so that there is no possibility 
of an accident by a partial engagement of either C or D with A and B, which 
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have a different velocity ratio. The reversing plate J is held in position by 
the pin in the spring-plunger handle H, and the notches in the headstock 
cheek. 

To obtain a set of coarser or finer feeds other than those obtained by the 
cone of feed gears, and indicated on the index plate (see Fig. 147), the Lodge 
and Shipley Machine Tool Company, Cincinnati, Ohio, provides a compound 
gear on the reversing plate, as shown in Fig. 134. The wheels H, I, K, and J 




Fig. IM.—RKVERSiNa and Coarse-peed Gear. 



form a reversing arrangement similar to Fig. 129. An additional stud carries the 
wheel M, which meshes with the pinion L keyed to the sleeve of the wheel K. 
The wheel J, keyed to the change-wheel shaft, is withdrawn, as shown, so 
that it gears with M for extra fine feeds, and with I for the ordinary feeds. 
For the extra coarse feeds the wheel K, pinion L, and wheel M are transposed, 
the train then becoming H, I, M, L, K, and J. It is obvious that whatever 
train be engaged the reversing arrangement is preserved. 

In the larger lathes, with cone off the spindle, some British firms arrange 
the reversing or feed gear so that it may be driven either from the spindle or 
face-plate pinion shaft, thus securing a coarser set of feeds than would be 
obtained by the wheels when driven from the spindle. 
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FEEDING MECHANISM TO SADDLE 



(a) Serew-ontting and tnniing Feeds both obtained by Change Wheels, etc. — 

Probably no part of the lathe has received more attention within recent 
years than the feeding mechanism to the saddle. Not much more than ten 
years ago it was the general practice to obtain this motion through a cone 
at the rear of the fast headstock, communicating with another at the end of the 
feed shaft— usually placed at the back of the bed— or by means of the change 
wheels, which also served for screw-cutting. In the first arrangement the 
cone was frequently mounted on the end of the spindle or on the reverse 
wheel shaft, but in order to decrease the width of the feed belt the driving 
cone was more generally mounted on an independent stud, and run at a 
higher speed than the spindle by means of suitable spur wheels from the 
same or the reversing-wheel shaft. In this arrangement the belt ^cted as a 
safety device, as when the tool came upon an extra hard piece in the metal, 
or an irregular cut, the belt yielded to reduce the shock, and gradually 
pulled up or slipped altogether. In the second arrangement a changeable 
spur wheel took the place of the cone on the back shaft, and the change 
wheel quadrant — usually mounted on the boss of the guide-screw bearing — 
was designed so that the motion from the spindle or reversing wheels was 
communicated through the change wheels to the wheel on the back shaft. 
This arrangement permitted of a wide range of surfacing or sliding feeds, but 
for each feed it was necessary to change the wheels on the shaft, and 
generally those on the quadrant, causing much waste of time.. 

This wide range of turning feeds exceeded, however, the practical re- 
quirements ; and a suitable smaller number of instantly obtained changes has 
been found sufficient. Where the work is small, and the number of pieces 
required to be either screwed or turned are few, the time taken to change 
the gear from feeding to screw cutting with the old arrangement would 
frequently amount to 20 per cent, of that required to do the work. It 
therefore appeared desirable that the feeding and screw-cutting gears should 
be capable of being instantly changed and disengaged without mutual 
interference ; whilst, at the same time, simultaneous engagement should be 
impossible. The result is that the turning feed gear of to-day usually 
consists — in the smaller types of lathes — of a nest of wheels, placed at the 
fast headstock end of the machine, which permits of a change of feed by 
the simple movement of a lever at the front. Many makers prefer such 
a device to effect the sliding and surfacing feeds— turning feeds— only ; others, 
again, arrange it so that it shall also serve for the screw-cutting feed, by 
reducing the number of wheel changes on the quadrant. The reversing 
is generally common to both feeds. In the larger lathes, however, having 
more than one saddle, an independent feeding mechanism is usually fitted 
to each saddle, thus permitting each to move in either direction independently. 
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Wm. Sellers & Co., Philadelphia, is one of the few American firms which 
has adhered to the practice of providing independent screw- cutting and 
turning feeds. The former is obtained in a manner after the common British 
practice, i.c, through change wheels mounted on a quadrant ; but the method 
adopted for the turning feeds is peculiar to this firm, being through friction 
discs, as shown in Fig. 135. On the fast headstock spindle is keyed a lai^ 
spur wheel, which meshes with a pinion on the same shaft as the friction 
disc A. The discs B are carried on a swinging arm, and are pulled and 
pushed towards one another and against the discs A and 
C by a strong spring. The disc C communicates with the 
longitudinal feed shaft through gearing, and the feed is 
increased or diminished by raising or lowering the arm. 





Fig. 135.— Friction Discs. 



Fig. 136. 



(&) Sorew-outting Feed obtained by Change Wheels as before, but Feed- 
change Ctoar for the Taming Feeds. — One of the early forms of feed-change gear 
arrangement still largely used is that shown in Fig. 136. The nest is placed 
at the back of the bed ; but the change is effected by the lever L at the 
front. The spur wheel A, keyed to the short hollow shaft B, receives its 
motion from the last wheel in the reversing train. This shaft has a through 
elongated slot to suit the key D fitted in the push rod C ; so that B, C, and 
D always rotate together. The wheels E, F, and G are free on the shaft B, 
and are provided with key ways in the body, and recesses at the ends of their 
hubs to receive the key. The lever li is keyed to a rocking shaft, whereon 
is also keyed the lever K, which actuates the rod C, and engages D with 
either of the above wheels. When D is withdrawn within the recesses it runs 
idle. The wheels H, I, and J are keyed to the feed shaft. The arrangement 
thus permits of three changes of feed, EH, FI, and GJ. It is obvious that 
by increasing the number of pairs of wheels a correspondingly increased 
number of changes of feed is obtained. Eecesses in the bed receive the 
plunger-pin fitted in L, thus locking and indicating the position of the key and 
feed. Objections have been taken to this design on account of the wheels 
being continually engaged, and of their tendency to wobble or seize on the 
shaft, due to the short bearing surface of the loose wheels. In high-speed 
lathes this arrangement has been abandoned altogether by the leading firms ; as 
the abnormal sizes of the parts — due to the weakened sections — is prohibitive. 
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This objection is practically eliminated in the well-known scheme where 
the three upper wheels are closely keyed together and to the shaft, and are 
yet capable of movement along the same by a conveniently placed lever. 
Three corresponding wheels are keyed to the feed shaft below, and spaced 
to allow of one pair only being engaged at any one time, or the set com- 
pletely withdrawn. Thus there are no loose wheels, and only the wheels 
actually doing the work are in gear. In a three-change gear of this type the 
minimum space between the wheels on the feed shaft is equal to twice the 
width of the wheels plus the necessary clearance. To obtain an increased 
number of changes on this principle the wheels have to be unduly spread. 

By compounding the gears as shown in Figs. 137, 138, and 139, Messrs. 
Greenwood and Batley conveniently obtain nine changes within a com- 
paratively small space. The design is for an 8J-in. centre hollow spindle 
capstan lathe. The gear-box is mounted on the back of the bed, but all the 
changes are effected by levers placed at the front. The loose and sliding 
wheels have ample bearing surfaces ; wheels B, C, H, I ; E, F, G, and K, L, M, 
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Fig. 187. 

are formed in one piece. The wheel A on the short feed shaft is driven 
through suitable gearing from the spindle. The pinions B and C are keyed 
to the shaft, but free to slide along it by means of the lever and claw, actuated 
by the handle at the front of the machine. D and H, I are keyed to the free 
sleeve on the shaft, whilst J is free on the sleeve. Means similar to the 
above are employed to move H, I along the sleeve ; E, F, G is free on the 
feed shaft, and K, L, M is keyed to it. 

The feeds are arranged in geometrical progression, and in ascending order 
are as follows : — 

(1) J, M. (C clutched with D, and I with J.) 

(2) I, L. (C clutched with D.) 

(3) H, K. (C clutched with D.) 

(4) C, F, G, D, J, M. ([ clutched with J.) 

(5) C, F, G, D, I, L. 

(6) C, F, G, D, H, K. 

(7) B, E, G, D, J, M. (I clutched with J.) 

(8) B, E, G, D, I, L. 

(9) B, E, G, D, H, K. 

Although two hand levers are employed to effect the necessary changes 
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of feed, the arrangement is " fool-proof." No matter what position the levers 
may occupy, either one feed or none is obtained, as the spacing between the 
wheels is sufficient to allow of the drivers being entirely withdrawn without 
engaging with one another. 

In the above designs it is inadvisable to' engage the feed gear when the 
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Fig. 140. — Greenwood and Batley's Change-feed Geab. 

machine is running at a high rate of speed, as the corners of the key, key ways 
or wheel teeth, which take the shock on entering, will suffer ; although the 
operator may be cautioned against changing his feed under such conditions, 
yet it does not prevent him from doing so ; and the mechanism being usually 
covered by a guard, the damage wrought each time is not apparent .until it 
finally breaks down. Much trouble has been experienced in this way even 




Pia. 138. 




Fig. 189. — 8 J -inch Cbntbe Lathe (Greenwood and Batley). 
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in carbon steel lathes. Under no circumstance should the feed mechanism 
be changed when the cut is on where disengaging gears are used. 

In their 8-in. centre heavy turning and screw-cutting lathe Messrs. 
Greenwood and Batley have adopted the design shown in Figs. 129 and 140.' 
The sliding wheels have been displaced by a positive clutch, and the free 
wheels — with large bearing surfaces — are fitted with gun-metal liners and 
improved means of lubrication. The feed may be changed whilst the 
machine is in motion without damage, as the shock at entry is distributed 
amongst the several teeth of the clutch, which are excessively strong in pro- 
portion to the work they have to do. When the clutch is of the saw-tooth 
type, the back clearance permits of an easy engagement, and the impact is 
more frequently taken on the full face than on the edge of the teeth. Where, 
however, it is desirable to feed in either direction — which is seldom, if ever, 
necessary in small lathes — a clutch of this type is inadmissible if the revers- 
ing mechanism is on the driving side of it. In the arrangement shown in 
Fig. 129, a portion of which is shown enlarged in Fig. 140, the screw-cutting 
is quite independent of the sliding feed. The change-wheel plate swings upon 
the fixed bush in the wheel guard, and about the axis of the change-wheel 
shaft 6. The motion to the sliding feed is obtained through the wheel H, 
keyed to the shaft G, within the guard at the tail of the headstock, which 
gears through the intermediate with the wheel J on the long sleeve K. K is 
free to rotate on the guide screw, and has keyed to it the wheels J, L, M, and 
N. On the feed shaft below is keyed the double-faced clutch S, and the 
wheels 0, P, and Q ride freely upon the same. The pinion is made of 
phosphor bronze, and the wheel P rides upon its boss. A distance piece- 
forming part of the gear-box — keeps the loose wheels in position. It will 
be observed that the clutch teeth are within the boss of P, and not on 
the face, as in and Q. Clearance is provided on P and E beyond the 
clutch teeth, to enable the latter to pass through the former, in order that it 
may engage with 0. Clearance is also provided between the clutch teeth, 
so that there is no possibility of any two gears being engaged at one and the 
same time. This also permits of the disengagement of the feed by withdraw- 
ing the clutch from any of the wheels with which it may be engaged. The 
clutch is controlled by a lever at the front of the gear-box, and a spring 
plunger in the same fits the recesses in the face of box, and locks the gears in 
position. The design is for three feeds — 16, 24, and 36 per inch; but it is 
obvious that a fourth could be obtained by two pairs of wheels on the right 
of the clutch instead of one. 

Fig. 141 shows the development of a four-change gear device with external 
clutches by the American Tool Works Company, Cincinnati. They employ 
this device in conjunction with a cone of wheels to obtain a large variation of 
sliding and screw-cutting feeds. This arrangement of wheels, and the framing 
modified to suit the position on the machine, has been adopted by several 
firms as a change gear for the sliding and surfacing feeds only, as in the cases 
already discussed. The wheel A derives its motion from the last wheel in 
the reversing train, and is keyed to the shaft. The wheels C and D ride 
freely upon the shaft, whilst J is keyed to it, and engages C or D, which 
have clutch, teeth on the face of their bosses. The wheels E and F are keyed 
to the sleeve of the pinion G, which is freely mounted upon the pin. H and 
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I have clutch teeth on their inner faces, and are free upon the feed shaft, but 
capable of being connected with it by the clutch K, which is keyed to the 
same. Four changes of feed are obtained by this arrangement : — 

(1) C, F, E, H. (J engaged with 



M (2) 
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Fig. 141. 



C, and K with H.) 
D, E, H. (J eng^ed with 

D, and K with H.) 
(3) C, F, G, I. (J eng^ed with 

C, and K with I.) 
(4)D,E,G, L (J engaged with 

D, and K with I.) 
The clutches are controlled by 
handles placed outside the cas- 
ing, and an index plate affixed 
to this shows clearly the posi- 
tion of the handles for each 
feed. Occasionally one handle 
only is used, and a cam on the 
end of the rocking shaft is made 
to actuate both clutches. 

A very common design is 
shown in Fig. 142, which closely 
resembles that with a sliding 
cotter. Here, however, the key is depressed when sliding between the wheels, 
and its whole length is presented on entering, thus distributing the shock 
over a greater area, and within the same space an increased length of key 

and wheel-bearing surface 
on the shaft are obtained. 
The nest design shown in 
the figure is one situated at 
the back of the bed. The 
spur pinion A on the end of 
the short shaft D is driven 
from the reversing train 
through suitable gearing 
fixed on the headstock. The 
shaft D is hollow, and has 
a rectangular slot to receive 
the splined shaft B and drop 
key E, which swings about 
the fulcrum pin in B. A 
plunger pin, C, also carried 
within B, is made to thrust 
against the heel of the key 
E by a compressed spring, 
so that it may always ent«r 
the ways in the wheel. The 
initial compression of the spring can be adjusted by the screw in the end of B. 
The ends of the key are bevelled, and a steel washer is introduced between each 




Fig. 142. 
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Fig. 148. 



wheel, 80 that when the key is withdrawn or advanced it is depressed by the 
washers as it passes under the same, thus disengaging it from the wheels. A 
sliding rack, enveloping B, and carried within the bearing, is actuated by the 
pinion on the transverse shaft, and moves the key to the desired position. A 
graduated hand-wheel on the rack-pinion shaft at the front of the machine, 
and a plunger pin in the bed, 
indicates the feed, and locks 
the hand-wheel and mechan- 
ism in position. 

Objection may be taken 
to the weakened section of 
the driving parts, as in the 
sliding cotter arrangement 
shown in Fig. 142. The 
modification of these details 
by Alfred Herbert, Coventry, 

and John Lang and Sons, Johnstone, shown respectively in Figs. 143 and 144, 
are much to be preferred. 

(c) Screw-cutting Feeds obtained principally by Change Wheels, but also 
by tihe use of the Turning Feed-change Oear. — ^The design shown in Fig. 144 
is for an 8J-in. centre-sliding, surfacing, and screw-cutting lathe. The wheel 
I is provided with a long boss, and rides freely on the guide-screw. It derives 
its motion from a similar wheel on the end of the spindle, and an intermediate 
wheel fixed at the rear of the headstock. Within the gear-box is the mitre 
wheel E, keyed to the boss of I, and meshing with S, whose axis of rotation 
is at right angles to R ; S in turn gears with T, mounted freely on a long 
sleeve, also free on the guide-screw. A double-faced clutch, keyed to this 
sleeve, engages the corresponding teeth on either R or T, thus giving a reverse 
motion to the same. The spur wheels, J, E, L, and M, are keyed to the 
sleeve, and mesh respectively with Q, P, 0, and N on the hollow shaft, free 
on the feed shaft immediately below the screw. A sliding key engages each 
successive pair of wheels with the hollow shaft. On the left-hand end of this 
hollow shaft is formed a clutch having extra long teeth, which are continually 
engaged with the outer set of teeth on the sliding clutch U. Tlie clutch U 
has also an inner set of teeth on its right and left-hand faces which mesh 
respectively with the clutches fixed to the feed shaft and the change- wheel 
shaft W. This latter shaft is bored out at its inner end to provide a bearing 
for the former. When the clutch U is moved to the right, the hollow and feed 
shafts are made to rotate together at varying speeds, depending on the pair of 
wheels engaged by the sliding key. When U is moved to the left motion is 
transmitted through the feed wheels and hollow shaft to the change-wheel 
shaft W, the projecting end of which is made to receive the change wheel. 
This wheel in turn communicates with the wheel on the end of the leading 
screw through the change gears on the quadrant X — turned upwards in the 
6gure — ^in the usual way. Here the screw-cutting motion is actuated through 
the feed gears, and four changes, having a ratio of 2, 1, f , and J to 1, are 
obtained with each train of change wheels. The feeding motion is, however, 
independent of the screw-cutting, and the feeds — 12, 24, 36, and 48 (revolu- 
tions of spindle per inch movement of tool) — are clearly indicated on the face 
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of the gear-box for each position of the lever. With this arrangement it is 
impossible for the screwing and feeding motion to be engaged at the same 
time ; and by the movement of the handle at the bottom left-hand comer the 
feed can be instantly changed from the one to the other whilst the machine 
is in motion. 

The sliding key arrangement is used to a considerable extent where a 
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large number of feeds are required; as by duplicating the sets, after the 
Alfred Herbert principle, and driving directly through them, or by mounting 
the sets abreast on independent shafts or sleeves in such a manner that they 
are alternately driver and driven, a very compact arrangement is obtained. 
In the design by Alfred Herbert, Limited, a cone of gears keyed to the 
driving shaft meshes with a corresponding set on a second-motion shaft, a 
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sliding drop key engaging any of the set with the same. Another set of 
wheels keyed to this shaft engages those on the feed shaft, and is coupled to 
it by a second sliding key. Both these keys are controlled by a hand- wheel 
and cam. The number of feeds obtained for every speed to the driving shaft 
is equal to the number of wheels on the second-motion shaft engaged by the 
sliding key, multiplied by the number of similar wheels on the feed shaft. 

In the design by the Carron Company, Stirlingshire, shown in Fig. 145, 
the variation of screw-cutting feed is effected by changing the wheel on the 
screw only. The wheel A is keyed to the spindle, and drives the wheel B 
through either of the intermediate wheels carried by the reverse wheel plate. 
The quadrant H swings about the axis of B, and carries the three permanent 
wheels, C, D, E, having sixty, thirty, and twenty teeth respectively, all of 
which can be made to mesh with the change-wheel F on the screw by sliding 
it along the same. Three threads are thus secured for every change of wheel, 
and with a two-threads per 
inch pitch guide screw, all 
the usual threads, from 2 to 
36 per inch, can be obtained. 
An index and table on the 
face of the quadrant H give 
the necessary wheels for the 
different pitches, and their 
position when properly en- 
gaged. The quadrant is locked 
in position by a tee-headed 
bolt in the bed and a nut 
handle. To engage the turn- 
ing feed, the quadrant is 
swung to the left, and the 
wheels on same made to 
engage? the wheels on the 
back-shaft quadrant. Thus, 

by a change of wheels on the latter, together with the trains at the back of 
the bed, a wide range of feeds is obtained, and by means of a free wheel 
on the screw, both feeds are actuated by the screw without a change of gear. 

In the arrangement by John Lang and Sons — Fig. 144— the screw-cutting 
feed is actuated through the fixed train of turning feed gears, and in the 
Carron device the turning feed is obtained through the screw-cutting gear 
wholly or in part. 

(^ Screw-cutting Feeds obtained by Feed-change Gear, together with 
Additional Change Wheels. — In the majority of American lathes the turning 
feeds are obtained by the same mechanism as used for the screw-cutting feeds, 
the latter being arranged so that most of the standard threads can be cut 
without recourse to change wheels. Some of the leading continental firms 
have adopted this method in the smaller sizes of lathes, and, as in the few 
cases where it has been followed in this country, a modification of the 
Hendey-Norton device has found most general favour. The original Hendey- 
Iforton gear is shown on Fig. 131. It consists of a cone of spur wheels 
keyed to the guide screw within the box at the fast headstock end of bed. 




Fig. 145.— Scbew-cutting Feed-change Gear. 
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Motion is communicated to these wheels from the spindle through the 
change wheels on the swing frame to the pinion on the end of the sliding- 
pinion shaft. The latter pinion gears with the jockey wheel, which engages 
any of the wheels forming the cone. From this it is obvious that for every 
wheel in the cone a different feed is obtained, and that other sets are secured 
by altering the change-wheel train. A facsimile of the index plate for the 
10-in. centre lathe is given herewith. 
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Fig. 146.— Ghakoe-feed Gear. 



Feeds— 6 times threads per inch. 

In the device by the New Haven Manufacturing Company, shown in Fig. 
146, the cone is composed of bevel wheels, keyed directly to the end of the 

screw outside the bed. The change 
wheel K, keyed to the shaft P, 
is the driver to the system, and 
is driven from the spindle through 
a simple train of change wheels, 
the intermediate wheel being car- 
ried on a quadrant mounted on 
the boss of P for lathes below 
9-in. centres. In the larger 
machines a compound gear is 
used in combination with a slid- 
ing key and wheel, whereby four 
changes are secured without any change of gears. The bevel wheel L keyed 
to P meshes with the wheel M keyed to the sleeve Q, the latter being 
mounted freely upon the excentric shaft. The pinion N" is also keyed to Q, 
and is capable of sliding along the same, so that it may engage any of the 
wheels forming the cone. The excentric shaft is similar to that usually 
employed to carry the back gear wheels in the headstock, and consists of a 
cylindrical shaft with an excentric collar keyed to each end within the bear- 
ings. The position of the cone wheels is marked on the outside of the casing, 
and a hole is provided in the same to receive the lock-pin T. To change Uie 
gear, N is disengaged by the handle S and moved along Q by the claw lever 
until opposite the wheel given on the index plate for the desired feed, when 
the pin T is entered into the corresponding hole, and the wheel N again 
engaged. This pin, in addition to locking the gears in position, prevents the 
possibility of a partial engagement with any other gear. In the first arrange- 
ment with seven wheels in the cone, and four change wheels, thirty-five feeds 
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are obtained ; and in the second, with the compound train and eight wheels 
in the cone, forty threads from 1 to 30 per inch can be cut by changing one 
wheel only. The feeds with the latter arrangement are from 4 to 120 
per inch. 

(«) All Screw-cutting and Turning Feeds obtained by Feed-change Gears. — 
A modification of the Hendey-Norton device by the Lodge and Shipley 
Company, Cincinnati, is shown in Fig. 147. The last wheel of the reversing 
train — see Fig. 134, ari/e— is keyed to the shaft revolving between the bearings 
within the bed. On this is mounted the sliding wheel K, upon the boss of 
which is pinned the swinging arm carrying the jockey wheel L. This jockey 
wheel engages any one of the wheels forming the cone keyed to the shaft 
immediately below the above. At the end of same, outside the bed, are 
keyed two wheels, P and 0, having a tooth ratio of 1 to 2. An arm swinging 




Fig. 147.— Lodgb and SmPLSY Ohanqe-feed Gbab. 



about the axis of this shaft carries the twin jockey wheels, Q, E, and S, T, 
each pair being fast together, but free on the spindles, and having a tooth 
ratio of 1 to 2. The wheels P and mesh respectively with E and S, whilst 
Q, E, S, and T can be engaged with the sliding wheel M on the guide screw. 
Four feeds are thus obtained for every wheel on the cone, which generally 
contains eleven. An index plate is attached to the cover over the sliding 
wheel on the screw. It is marked " Thread " and " Knob " on the upper line. 
The sliding handle to the wheel M has a finger attached, and indicates the 
feed. Under "Thread" is the number the lathe will cut — 2 to 32; and 
under " Knob " are the figures 1 to 11 ; thus, should the operator desire to cut 
any given thread, he pulls the finger to the column in which it is given, and 
places the knob — in the swinging arm carrying the jockey wheel to the 
cone — in the hole indicated. By this means forty different threads are 
obtained without having to ship any wheels ; and with the compound gear on 
the reversing train— shown in Fig. 134 — one hundred and twenty threads 
can be secured. Several will, of course, be duplicated. A copy of the index 
plate is given, and this may help to make the above description more easily 
understood. 
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The turning feeds are driven through the screw, and no feed shaft is 
employed. 

The modification due to the American Tool Company is very similar to 
that described above, with the exception that instead of the second series of 
changes, outside the bed, being derived through sliding and tumbler wheels, 
the clutch arrangement, previously described and shown in Fig. 141, is used, 
whereby four changes are obtained, and with eleven wheels in the cone, forty- 
four different feeds are secured. This enables all the usual threads between 
2 and 32 per inch to be cut. An independent feed shaft driven through the 
screw is employed for the turning feed, so that there is always a fixed relation 
between the screw and the shaft. The turning feeds will equal, of course, the 
above in number, and range from \ in. to ^\^ in. per revolution of the spindle. 

In the design by the Springfield Machine Tool Company, Ohio— shown in 
Fig. 148 — the variation of feed is effected by the change wheels on the shafts 
at the tail of the headstock in conjunction with the independently mounted 
wheels within the circular casing at the end of the bed. Motion is com- 
municated from the spindle through the reversing wheels to the shaft K, 
which, like the shaft L, is provided with a clutch to engage the change wheels 
in the casing. The shafts extend considerably beyond the clutches, in order 
to receive and support the wheels. A i)inion on the shaft L meshes with the 
wheel on the swinging arm, which in turn engages the wheel in the circular 
disc and on the end of the guide screw. The casing Qi, Qa is in two pieces. 
The inner half Qa, fixed to the boss of the guide-screw bearing, simply acts as 
a guard, and carries the fixed stud M, upon which the outer disc Qi rotates. 
The feed wheels have long hollow hubs, which rotate in the bearings provided 
in the disc, a nut on the end of the hub holding them in position, whilst the 
inner face of the hub takes the form of a clutch. These wheels do not mesh 
with each other, and although their diameters are different, their centres are 
equidistant from that of the stud M, to permit of any one of the series being 
brought opposite the guide screw by turning the disc Qi. The end of the screw 
is bored out to receive the sliding shaft 0, which is actuated horizontally by 
the rack and pinion within the bearing. A clutch P is fixed to the shaft 
immediately in front of the rack ; and the shaft, reduced in diameter, projects 
beyond the clutch to provide a support for the feed wheel. When the desired 
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gear is brought opposite the guide screw, the shaft is advanced, and its 
protruding end enters the hole in the hub, prior to the engagement of the 
clutches on the shaft and wheel. The wheel on the swinging arm is then 
dropped into gear. Convex projections S, equal in height to the pitch line of 
the corresponding wheels, are cast on the disc, and upon these the concave 
projection on the swinging arm rests when the wheels are properly engaged. 
As the changes obtained by the wheels on the disc are of themselves 
insuflBcient, three pairs of wheels, each pair mounted in a guard as shown at 
E, are supplied to fit the shafts K and L. The ratios of these wheels are 
1 to 1, 1 to 2, and 1 to 4. On being reversed these give five speeds, so that, 




Fig. 148.— Spbikgpield Change-feed Geak. 



with the eight wheels in the disc, forty changes are obtained, enabling all the 
standard threads between 2 and 56 to be cut. 

Another arrangement somewhat similar to that just described is that manu- 
factured by the National Machine Tool Company, Cincinnati, to the design of 
Mr. W. L. Schellenbach, and shown in Fig. 149. Here all the usual feeds are 
obtained without the use of change gears. The bracket H is bolted to the 
tail cheek of the headstock, and the sleeve I to the bracket. Within the 
sleeve is the shaft J, on whose ends are keyed the wheels K and L. K is 
the driver to the system, and is either driven direct from the spindle, or 
through an intermediate wheel. The circular casing Qi, Qa, is in halves for 
convenience in construction ; but is bolted together, and free to turn concen- 
trically on the sleeve J. The boss of Qi is, however, excentric to J, and the 
two intermediate wheels, Oi and O2, are pinned together concentrically with 
the boss of Qi, and free to rotate as one upon it. Whilst Oi and Oa have the 
same number of teeth, the pitch of the latter is slightly less than that of the 
former, and consequently its smaller diameter allows of larger wheels engaging 
it within the limits of the casing and centres of the shafts. The fact of these 
wheels being excentric to J permits of them being surrounded with pinions 
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of varying diameter, the path of whose centres is concentric with J. Thus 
the nine pinions Ni, Na, . . . N9, shown in the figure, are mounted on hollow 
spindles within the casing Qi, Qa, and have their centres equidistant fix)m that 
of J. The spindles Si are provided with clutch faces at both ends, with the 
exception of that for Ni. This spindle is combined with the pinion, and has 
but one clutch face at its outer end. All the pinions, Ni . . . N9, are con- 
tinually in gear with the intermediate wheel Oi, Oa. Provision is made at 
the tail of the bracket H for the two mating wheels. Pi and Pa, mounted on 
sliding clutch shafts (whose centres also lie in the same circle struck from J 
as that of the pinions), so that any of the spindles Si may be engaged with 
either of these shafts on the rotation of the casing. As Pi is also always in 




Fig 149.— National Ghangb-fesd Gear. 

mesh with the wheel T on the end of the guide screw, a reverse direction of 
feed may be obtained. The direction depends on which of the wheels Pi or 
Pa is engaged with the wheels in the casing. It is impossible for both these 
wheels to be engaged at one and the same time, as the knurled-headed shaft 
R is fitted with two rack pinions, which engage the racks on the sliding clutch 
shafts, and (being situated between the same) advances the one whilst with- 
drawing the other. The shafts extend beyond the clutch, and enter the 
spindle Si before the engagement of the clutches, thus locking the casing in 
position. The projecting end of the clutch shaft Sa is bored out and split to 
act as a spring, and thereby hold it in position. The wheels L and M can be 
transposed, and the clutch shaft Sa can engage any of the hollow spindles Si. 
With L and M and clutch Sa in position, shown in figure, motion is com- 
municated through K, L, M, N, and Oi, Oa, to Na . . . N9, any one of which 
can be connected with Pi or Pa, depending on the direction of feed desired. 
In this way eight changes of speed are obtained. As a different speed is also 
secured for every hollow spindle Si engaged by the clutch Sa, nine further 
changes are obtained ; and by combining both methods, 72 speeds are derived. 
Finally, by the transposition of L and M, 144 speeds in all may be obtained. 
These are, however, not all different. 
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GENERAL REMARKS ON FEED GEAR 



A CAREFUL inquiry into the number of turning feeds necessary for a general- 
purpose lathe, whether for high speed or carbon steel, shows that four to six 
are sufficient to meet all practical requirements. On the diagram given in 

Revolutions oF spindle per inch oT Feed on 

height oF centres 
if? Feed • r.iFeedm 



60 


2 


?fFe 


t^ 


p 




f« 


r«« 


dO 


































^4 






i 
























\ 




















-W 






i 




















\ 




















r 




4 


A 
























V 


















^ « 






i 


\ 


















5 ' 

^ 






V 


V 


















^30 




{ 


\ 


i^! 




















\ 


T 

• 


V 




















i 


ii 


:N 


Ci 














\ 


A 


'W \ 


Nj 




















\ 




V, 




^J 


^ 












1 


\ " 


^1 


Js 


't* 




Si 


> 








« 12 






\ 


^ 


V 


N 


Sm 




'^ 


>. 


^ 


«£ 




— 


• 


>^ 


^ 


Si 




S 


s^ 


-9^ 


6 




< 


»«••• 


K 

1 


f>N 


%. 


^^ 


,^ 


2 


1 














• 


• 




^ 


O 

























6 3 a 15 le 21 2^ 27 30 33 ^6 

Height oF centres (in inches^ 

Fig. 160. 



Fig 150 we have plotted the values ordinarily supplied of the sliding and 
surfacing feeds for various sizes of lathes, as obtained from recent practice. 
Four fair curves have been drawn through the points on the assumption that 
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four such turning feeds are provided. These four curves have the equations 

108 160 240 ^^^ 360 ^^^ ^^^^ ordinates as a function of the height of 
h h h h 

centres, the feeds being expressed as turns of the spindle per inch of traverse 
advance of the tool. It will bo admitted that these four curves and their 
corresponding rates of feed are capable of supplying all ordinary needs for 
general work ; and it would appear, therefore, that the contention expressed 
above is well founded, and that the multiplication of turning feeds in excess 
of this, when the mechanism is independent of that for screw-cutting, is 
superfluous, and only results in an unnecessary addition to the cost of the 
machine. Where such a multiplication has been resorted to, it is usually the 
outcome of an attempt to follow American methods, in which a large number 
of turning feeds is supplied more by accident than design. In American 
lathes, where the feeding mechanism for screw-cutting is such that most of 
the standard threads can be cut without recourse to change wheels, and the 
turning feeds are obtained by means of the same mechanism, a large number 
of turning feeds are made available which never would have been provided 
for turning alone. 

Although many recent writers have recorded their opinion that the 
American method is the right one to adopt, British makers generally adhere 
to the old plan of supplying a few turning feeds by feed-change gearing, and 
obtaining the screw-cutting feeds by change wheels on the quadrant, and no 
general attempt has been made to follow American practice. Whether this 
is due to the small amount of screw-cutting relatively to turning which has 
to be done, or to the usually adopted rule — ^where it is not possible to change 
from feeding to screw cutting after the Lang, Carron, etc., methods — of turning 
all the pieces completely before changing the gear to screw cutting, so that 
the time lost is small relatively to the increased cost of the machine, or 
whether it be that the present devices are unsuitable for British practice — 
except, perhaps, for very small machines — is somewhat difficult to say. On 
the other hand, the all-mechanical change-feed practice has not by any means 
been suddenly adopted in America, but has been gradually developed since 
the introduction of the Hendey-Norton device in 1892. It was, no doubt, in 
use to some extent prior to that ; but has grown distinctly more rapidly within 
the last few years. Its origin may be briefly traced. The American head- 
stock spindle is proAdded with a hole, which was first intended to permit of a 
rod to push out the centres, which were longer and had a finer taper than is 
usual in Britain. It was, however, found that the hollow spindle was very 
useful in the turning of small work from the bar, and, as a consequence, the 
majority of the smaller machines are now made with draw-in collets or chucks, 
to allow of this class of work being rapidly handled, and the holes in the 
more recent machines have been increased to admit of a larger diameter of 

bar, equal to ^, even in lathes up to 30-in. centres. Makers do not admit 

that the increase of feed changes is due to the greater capacity for bar work ; 
yet they do not deny that the hollow spindle has been mainly responsible for 
the adoption of the feed-change device, and an examination of the feeds supplied 
to the earlier machines generally supports the idea that they were intended 
for small work only, and for this purpose were well suited. Thus it would 
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appear that the chief cause for the general adoption in the United States of 
the Hendey-Korton system is the specialization or repetition work which has 
there become general and almost universal. Manufacturing on particular 
lines has led to close forging to size with light cuts and fine feeds easily 
variable, and in such cases the multiplication of feed changes which has arisen 
may to some extent be justifiable. Whilst the handiness of an arrai^meut 
whereby every thread upon the list can be secured by the simple movement 
of a lever or plug cannot be denied, it is quite certain that the interest on the 
first cost of a device for obtaining such a large variety of changes exceeds the 
value of the time saved. Nevertheless, this is the trend of present-day 
practice, as the more recent machines, particularly those of leading American 
makers, go to show. The majority of these — self-contained feed-change gear 
arrangements— give over forty changes, some exceed a hundred, but these 
need not be discussed; and although several movements are necessary to 
effect the change, the directions are, as a rule, so clear, and the arrangements 
so simple, that it is difQcult for the operator to make a mistake. 

No objection can be raised against them on this ground, but it must be 
remembered that the multiplication of joints, small wheels and shafts, is not 
conducive to accurate screw-cutting. If we consider the actual necessities for 
general work, and to what extent the present devices meet the same, we find 
upon careful inquiry and examination, that such screwing feeds as 22, 23, 26, 
28, 32, 36, 44, 48, 52, 56, and upwards, which are invariably supplied, are 
scarcely used once a year in the average shop, and that most of them are 
altogether useless — except it be for cycle or instrument parts. This, how- 
ever, is quite outside the usual run of work which comes to an engineering 
establishment, and consequently does not come within the scope of the lathe 
under consideration, and such feeds do not even appear on the American or 
European lists of threads. In the majority of the arrangements examined no 
provision is made for cutting a thread of greater pitch than two threads per 
inch, and in no case was it found possible to cut a square-threaded screw or 
worm of a fractional pitch, such as | in., f in., | in., etc. Now, such work is 
not uncommon, even in America, although fractionally pitched screws are 
used to a less extent there than in Britain, and in the average shop tMs class 
of work will come as frequently to the lathe as a three-per-inch screw. From 
this it is clear that these lathes with the self-contained feed-change gear 
arrangements have lost their caste as general-purpose screw-cutting lathes. 
In some cases it would appear that practical requirements and utility have 
been overlooked in the search after novelty, or the desire to embody some 
feeds not supplied by other makers, upon which the salesman may claim 
attention and enlarge. 

Where the change-feed gear is supplemented with a quadrant and change 
wheels, as in the Lang, Carron, and Hendey-Norton lathes, the general utility 
of the machine is not impaired, and fractionally pitched screws and such work 
can be done as in the ordinary screw-cutting lathe. This combined arrange- 
ment has been found to be particularly handy for small-screw work, where 
only a few pieces of one kind are required, and where a change of dies, etc., 
on the hollow-spindle lathe is not warranted. It is difficult to say what 
number of changes should be obtained by this means if the lathe is to be also 
used on general work. One thing is clear, that unless these machines are 
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employed for a large percentage of their time on a few threads, and only 
incidentally on general work, there is little advantage over the old method 
with change wheels, as the more wheels there are in the change-gear device, 
the more confusing it becomes to the operator when he has to change those 
on the quadrant to cut, say, a fractionally pitched thread, as indicated above, 
or other threads not obtained by the change gear. Of course, if an index 
plate containing the wheels and position of lever for every possible thread is 
provided, this difficulty is partly removed, but an easier means of obtaining 
this end can be secured by providing two equal wheels in the change gear, so 
that there is but one position for the lever, or by arranging the change gear so 
that it can be disconnected altogether. 

A careful inquiry as to the screwing feeds most frequently used indicates 
that for 6-in. centre lathes — Hendey-Norton type — 75 per cent, of the time 
spent is on 9 to 16 threads per inch, and on 10-in. centre lathes, of the same 
type, a similar percentage on 6 to 12 — ^inclusive — threads per inch. From 
this it seems that about six changes, arranged suitably to the particular size 
of lathe, are sufficient to meet the general demand, although it may be 
remarked that to employ a 10-in. centre lathe on such small work is not to 
use it to the best advantage. 

This class of work, however, is more commonly done in this country on 
the hollow-spindle capstan or turret lathe, which is provided with a screwing 
head, as the spindles of the general-purpose screw-cutting lathes are solid, 
although it would add much to their efficiency, and little to the cost, if the 
spindles in the smaller machines were hollow. Since this is the case, the 
screwing work that usually comes to these lathes is of the square thread and 
worm variety, and the pitch is as often fractional as otherwise. 

Kow, it generally happens that it is necessary to cut a fine thread on the 
end of square-threaded screws to receive the check or lock nuts, and in the 
case of the Whitworth thread, where it has been cut by a single-pointed tool, 
it is usually finished by a chaser. Occasionally a small screwing head, 
adapted to fit the loose headstock spindle, is used for this purpose, or the 
turner sometimes prefers to do the whole operation with the chaser only. 

These considerations, no doubt, account for the retention of the old system 
of change wheels in Britain, and those firms here of any note who have 
adopted the combined arrangement have confined themselves to as many 
changes as are necessary for the turning feed only. 

Annexed are tables of Whitworth's and Sellers' standard screw threads. 
They are presented for the reader's perusal, in the event of his wishing to 
examine the validity of the foregoing remarks. 
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WHITWORTH STANDARD SCREW THREADS. 



Diameter of 
•crew. 


Number of 
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of thread. 
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WHITWORTH GAS THREADS 
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UNITED STATES STANDARD SCREW THREADS 
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CHAPTER XXXI 

FJfXDING MECHANISM ON SADDLE 

Saddle-feeding Mechaniflm. — The screw-cutting feed is usually effected by 
means of a nut, or portions thereof, in the saddle which engages with the 
leading screw. The screw generally rotates; motion being imparted to it 
after the manner already described, and no further gear exists between it and 
the nut which slides between suitable guides within the carriage apron, and 
is engaged or disengaged — closed or opened — with the screw by means of 
cams or excentrics, actuated by a conveniently placed handle. This motion 
must be positive, i.e. there must be no lost motion — a definite advance must 
be given to the saddle per revolution of the spindle. The regularity of the 
work and cut, and the comparative lightness of the latter, due to the delicacy 
of the tool and work, render any safety device to the mechanism unnecessary. 
In fact, all the parts should have abundance of strength to give rigidity and 
ensure accuracy. The turning feed mechanism is slightly more complicated, 
as the one-feed shaft — common British practice — is usually made to serve 
for the surfacing— cross or transverse — and traversing — sliding or longi- 
tudinal — feeds, the gearing for which is generally carried within the saddle 
apron, and so arranged that but one of these feeds— sliding, surfacing, or 
screw-cutting — can be engaged at one and the same time. Some of the 
larger lathes are designed to permit of taper turning by combining the 
surfacing and sliding or surfacing and screw-cutting motions. In the smaller 
machines, however, the majority of makers prefer to have all the feeds inter- 
locking to avoid accidents, and to obtain the taper turning motion by some 
other means. For convenience, and to lessen the chance of injury either to 
the mechanism itself or to the work, several devices are employed, such as 
quick withdrawing motion to the tool ; self-acting knock-out arrangements ; 
arrangements whereby the tool is withdrawn simultaneously with the dis- 
engagement of the guide-screw nut, as when screw-cutting; the general 
disposition of the gear so that any of the feeds can be immediately disengaged 
at the saddle, and an automatic release to the turning feed when subjected to 
an undue load or shock — as when cutting irregular or intermittent work, etc. 
The old arrangement of belt feed previously described acted as a safety 
device instead of the latter attachment, but since the general adoption of 
positive feeds, such a device is necessary to avoid frequent breakdowns, 
particularly where the machines are continually worked to their full capacity. 
This arrangement is frequently fitted to the feed shaft — which is then in two 
portions — or in the saddle apron. 



252 



LATHE DESIGN 




Fig. ISI.—Safbty Clutch. 



Safety Dbyices to Turning Feed Gear 

Amongst the safety devices for the turnmg feed gear, other than that 
already described, is that shown in Fig. 151. The design is similar to that 
adopted by Sir W. G. Armstrong, Whitworth and Co., Limited, Manchester , 
and fitted to their 18-in. centre high-speed lathe, shown at the Liege Exhibi- 
tion. It is simply a Weston 
friction coupling, and con- 
nects the two sections K 
aAd L of the feed shaft. 
The outer casing M is keyed 
to K, and abuts against the 
shoulder of the shaft. Two 
or more keys are fitted in 
M to receive the phosphor 
bronze washers Q, so that 
they may rotate with the 
shaft E, whilst the steel 
plates P are keyed to the 
shaft L, yet are free to slide 
along it. A fine-threaded 
screw is formed on the latter 
shaft, upon which is fitted the adjusting and locking nuts Oi and Og. The plates 
P and Q are thrust together by the plate spring S, which is advanced and held 
in position by the nuts Oi and O2. The whole can thus be made to rotate as 
one piece, and is yet capable of slipping at any desired torque by regulating 
the compression of the spring. The casing M is filled with oil to ensure a 
regular slip, and prevent scoring of the plates when doing so. The end of 
the shaft K is chambered to provide a support to L. 

Another design, also fitted to the feed shaft, is shown in Fig. 152, and 
takes the form of a quick-angled tooth clutch, after the manner of that used 

by Mr. Pearn in his patent 
tapping chuck. The feed 
shaft is in two sections— K, L 
— and upon the former is 
rigidly keyed the clutch B, 
whilst upon L is keyed the 
clutch 0, which lb capable of 
sliding along it A fine- 
threaded screw is formed 
upon L to receive the adjusting and locking nuts D D. The spiral spring 
£, fitted between the clutch C and the nut D, keeps C engaged with B 
until the torque on the shaft is sufficient to overcome the initial com- 
pression of £ when C is thrust back, L coming to rest while K continues 
to rotate. In both devices the springs are initially adjusted to carry the 
maximum load which the gear is designed to take, and only slip when this 
is exceeded. They are enclosed in casings to shield the parts from dirt and 
from being tampered with. Another method employed by a prominent 
maker to protect the gears consists of a simple flange keyed to each section 




Fig. 152.— Safety Clutch. 
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of the shaft, and coupled together by a pin, through which the power is 
transmitted, the diameter of the pin being such that it will shear with any- 
excess of load. Whilst the above are amongst the more recent schemes for 
this purpose, the old cone friction clutch is still very largely used, and when 
properly designed and constructed is thoroughly satisfactory. Unfortunately, 
however, it is more commonly placed in the saddle, where by the tighteuing 
of a nut or screw the cone is made to engage the sliding or surfacing feed 
gears, thus making the adjustment depend upon the discretion or muscular 
strength of the operator. No provision is made to limit the pressure between 
the cup and cone so that they will slip when wanted, beyond making the 
diameter of the nut or length of the lever small, so that the workman cannot 
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Fig. 153.— Saddle for Tangyb Lathe. 



nip them too hard together; yet this does not prevent him from using a 
spanner or hammer (which he generally does) in preference to his fingers to 
obtain the final " nip up." Under these circumstances the available torque 
is too indefinite to fulfil the function of a safety clutch. 



Friction Cone Feed 

The design of saddle apron— shown in Fig. 153— is for an 18-in. centre 
high-speed lathe, with duplex rests, by the Tangye Tool and Electric Company, 
Limited, Birmingham. Although friction cones are employed to engage the 
feeds, as described above, the feed-change gear at the end of the bed is driven 
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by a belt, from a pulley on the fast headstock, running at twice the speed of 
the spindle, thus providing a safety link other than the cones. The worm on 
the feed shaft runs in an oil trough within the apron and meshes with the 
worm wheel keyed to the hub of the spur wheel A freely mounted on the trans- 
verse shaft. The friction cone B is provided with along sleeve, which extends 
beyond the bearing in the apron upon which the pinion C is keyed. The 
end of the sleeve and collar pinned to the end of the transverse shafb are 
screwed to receive the nut H. These screws are of different pitches of thread, 
so that by turning H the cone B is engaged with, or withdrawn from, A. 
The transverse shaft carrying the wheels F and G is similarly fitted. Thus, 
when surfacing, K is locked, and the motion is transmitted through the 
wheels A, F, and G — A and B being disengaged — to the pinions on the ends 
of the surfacing screws— of which there are two, one for each set of rests — ^in 
the saddle. When sliding, K is unlocked whilst H is locked to engage A 
and B, the motion being transmitted through 0, D, and the bevel pinion and 
wheel to the rack pinion, which is combined with the shaft and meshes with 
the vertical rack. It will be observed that the arrangement and construction 
of the gears and apron permit of all the wheels being carried between 
bearings. Rigidity and regularity of motion are thus secured. 

Positive Feed 

In the saddle for an SJ-in. centre lathe, by Messrs. Greenwood and Batley, 
Limited, Leeds, shown in Fig. 154, the surfacing and sliding feeds are 
positive and the mechanisms entirely independent. (For feed-change gear 
see Fig. 140.) On the longitudinal feed shaft at the front of the bed and 
within the apron is keyed a broad-faced pinion, which engages with the two 
spur pinions formed on the end of the worm shaft in the drop-worm brackets. 
These brackets swivel about the axis of the feed shaft, and, when the worms 
are engaged with their wheels, are held in position by trigger attachments, 
for which provision is made in the apron. A ledge is also fitted to the apron, 
upon which the worm-box rests when withdrawn. When traversing, the 
single-threaded worm on the right-hand side of the saddle is engaged with the 
worm wheel — forty teeth, J-in. pitch — keyed to the hub of the pinion ; whilst 
the latter engages with the wheel on the rack-pinion shaft. The rack pinion 
is formed on the end of the shaft, and is supported immediately under the' 
rack, the bearing being cut away at the top to clear it. A hand-traversing 
motion is obtained through the pinion on the extreme right of the saddle 
meshing with the wheel on the rack-pinion shaft. The surfacing motion is 
secured through the double-threaded worm on the left of the saddle, which 
engages with the wheel — forty-eight teeth, |-in. pitch— on the boss of the 
spur pinion, and an intermediate wheel meshes with the latter and the pinion 
on and between the bearings of the surfacing screw. The outer end of this 
screw passes through another with a much quicker pitched thread, and is 
free to rotate but tied transversely on the same, to permit of the operator 
rapidly withdrawing the tool — and rests — when cutting a screw to a blind 
end. The quick-pitched screw has its nut in the outer bearing, and the hand 
lever formed on its end abuts against the stop pins on the carriage, so that 
the rests and tool can be returned to their former position. It will be 
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observed that the fine adjustment to the tool by the surfacing screw and 
hand wheel is in no way disturbed by the quick withdrawing mechanism. 



^i'-r'il 




Fia. 154.— Saddle fob Greenwood and Batlsy Lathe. 

A design for a similar size of lathe by John Lang and Sons, Johnstone, 
is shown in Fig. 155. (The change-feed mechanism for this machine is 
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shown in Fig. 144). The worm on the feed shaft is carried in an oil bath 
within the saddle apron, and meshes with the wheel on the hollow shaft S, 
whereon are freely mounted the spur wheels V and Y. The internal shaft T 
carries the push rod with the cotter, and has a friction clutch keyed to its 
outer end. An annular space within the hubs of V and Y enables the cotter 
to rotate independently of the wheels. To engage the sliding feed the handle 
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Fig. 165.— Saddle by John Lanq and Sons. 

nut at the end of the shaft T is tightened, thereby locking the clutch on 
same and worm wheel together. The push rod is then thrust back, when the 
cotter enters the key ways of and engages the pinion V, which meshes with 
the wheel W on the rack pinion shaft, the pinion and shaft being formed in 
one piece. For the surfacing feed the cotter is made to engage the outer 
wheel Y, which gears with the pinion A on the end of the surfacing screw 
through the intermediate wheel Z. A hand-wheel keyed to the stem of the 
pinion X, which meshes with the wheel W on the rack pinion shaft, furnishes 
a hand traverse motion. The guide screw nut is in halves, and is fitted 
between the cheeks on the apron. Excentrics formed on the end of the 
small transverse shaft, carrying the hand lever, enter each half nut, which, 
on the turning of the lever, engages — or ?>?>^ vei^m — with the screw ; a spring 
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pin and plunger assistiog to keep them in position. By Feferring to the 
feed-change gear mentioned above, it will be clear that when the guide screw 
is rotating the feed shaft is at rest, and as the cotter can only be engaged 
with the wheel V or Y, it is impossible for more than one of these feeds to 
be in action at one and the same time. No quick withdi-awing motion to 
the tool is provided, but the surfacing screw being of double thread and large 
pitch serves the purpose for the ordinary run of work. 
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Several arrangements have lately been devised to prevent the simultaneous 
action of more than one feed. If the mechanism is to be fool-proof, however, 
not only must the other feeds remain inactive, but they should be incapable 
of engagement whilst any part of another feed mechanism remains in gear. 
The majority of designs provide for the disconnection of the screw-cutting 
gear with the engagement of that for the turning feeds or motion to the feed 
shaft. Clearly this is insufficient, as it allows of the traversing feed being 
put in action whilst the nut continues to embrace the screw ; or the mechanism 
in the saddle for the former may be in gear ; and although the feed shaft is 
at rest, the screw-cutting geai* is open to connection. The surfacing feed 
mechanism is subject to the same fault, although in a lesser d^ee, as the 
engaging device for this feed is also usually made to serve for the traversing 
feed, and alternately couples the one or other. Yet it is generally possible 
when screw-cutting for the surfacing feed to be actuated through the rack 
and pinion gear. To control all the feeds from the saddle and make them 
entirely interlocking presents but little difficulty, and need not incur much 
expense. 



Friction Cone Fekd with Inteblockino Turning and Screw-Cutting 

Gear 

In the design by the Lodge and Shipley Company, shown in Figs. 156 
and 157, the screw-cutting and traversing feed gear is arranged in such a 
manner that the possibility of their simultaneous actiou is avoided. Motion 

s 
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is transmitted to the screw by the gear at the end of the headstock— see Fig. 
147 — and the double-clasp nut is made to close upon the same by means of a 
cam actuated by a lever at the front of the apron. The feed shaft commonly 
used in British lathes is here dispensed with, and the work of driving the 
turning feed gear is performed by the guide screw. This screw is furnished 
with a long key way to receive a key fitted in the sliding muff carrying the 
bevel pinions, either of which can be made to engage the wheel — depending 
on the direction of feed desired — by means of a lever, rod, and claw, operated 
from the front of the saddle. The sliding and surfacing feeds are independent, 
are engaged by means of friction cones, locked by knurled nuts outside the 
apron, and driven from the spur pinions on the bevel-wheel shaft. The apron 
is tongued and bolted to the carriage. The inner wing, which furnishes a 
bearing to the rack-pinion shaft, etc., is supported and slides on the steel 
strip let into the bed to reduce the springing between the rack and pinion 




Fig. 167. — Section of Apron. 

when heavy cutting— see Fig. 157. To ensure accuracy of fit and reduoe 
cross-winding the guide screw-nut is chased from the solid and fitted directly 
to the slide, no adjusting strips or screws being used. Notwithstanding the 
fact that the key in the leading screw extends the full length of the bevel 
pinion muff, it does not prevent the burring of the screw threads and conse- 
quent destruction of the nut. This method, although at one time common in 
American machines, has been gradually dropped, and the more recent pro- 
ductions are fitted with a feed shaft. It will be observed that a stop finger 
is fitted on the end of the rod carrying the claw, which prevents the nut 
closing upon the screw, when the sliding or surfacing feeds are in use, and 
that the recess in the nut casing to receive the finger prevents the engage- 
ment of the latter feeds when the nut is closed. It is, however, still possible 
for these — sliding and surfacing — feed gears to be locked and motion trans- 
mitted from the rack and pinion when screw cutting ; yet the friction cones, 
being situated so near the work and locked only by the knurled nuts, and 
not by a screw-key, may be suflBcient to avert disaster if accidentally coupled. 
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The design of saddle adopted by de Fries and Co., Diisseldorf, is shown 
in Fig. 158. It is fitted with a short screw or worm L, which engages the 
long segmental nut or rack T bolted to the bed, and takes the place of the 
usujal guide screw and nut. The feed shaft Z derives its motion from 
the spindle through the reversing and change gear at the rear of the fast 
headstock— see Fig. 133. The sliding and surfacing feeds are obtained 













through the worm H, which is mounted freely on Z and coupled to it by 
means of the clutch N. The worm meshes with the wheel I on the transverse 
shaft, whereon is keyed the friction clutch J. On the end of J is fitted a 
screwed cylinder, and the handle nut B on the same moves the clutch trans- 
versely, so that it may engage either E or U, which are free on the shaft. 
When surfacing J is engaged with E, which meshes with the wheel F keyed 
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to the surfacing screw. The sliding motion is obtained by engaging J with 
the pinion U, which gears with Y on the rack pinion shaft ; the rack pinion 
W meshes with the rack on the under side of the segmental nut T. Two 
stops S are fitted to the bracket on the apron front to prevent the possible 
jamming of the clutch J within the cup by the handle nut B, and also to 
allow for adjustment and wear. The longitudinal adjustment to the saddle 
is obtained through the hand- wheel and pinion D, which meshes with V on 
the rack pinion shaft. When screw-cutting the clutch N is engaged with 
the wheel M, which drives wheel X on the end of the short sciew L through 
an intermediate wheel. The screw L is carried in an oil-box swinging about 
the centre G, and the handle Q actuating the cam A eugages or disengages L 
with T. A lip B 13 cast on the swinging bracket and fits between the bearing 
and the collar on the rod C when the clutch N is in mid-position. As the 
rod C Sb controlled by N it is impossible to engage N with H whilst L and 
T are in mesh. Similarly, when N and H are in mesh the screw L cannot 
be engaged with T. In this way the simultaneous engagement of the sliding 
and screw-cutting feed mechanisms is prevented. The clutch N ci^ be 
automatically disengaged from the gear M or worm H by means of the stops 
P on the rod 0. By this arrangement the tendency to cross-thread when 
cutting multiple-threaded screws is considerably reduced. 

It is difCicult to see what advantage is gained by the substitution of the 
long nut for the guide screw, except that the former is more rigid than the 
latter. It is doubtful, however, if this nut can be reproduced with as much 
accuracy as the screw, and it is certainly much more expensive to maka If 
the screw be made sufficiently large in diameter, a degree of accuracy sufficient 
for all practical purposes can easily be obtained. 

positivb-feeding mechanism with interlocking turning and screwing 

Feeds 

In the arrangement by William Sellers and Go. — shown in Figs. 159 and 
160 — the possibility of simultaneous engagement of the screw-cutting and 
traversing feed is altogether avoided. Two bevel pinions are keyed to the 
longitudinal feed shaft, but are free to slide along the same, and either of 
them can be made to engage with the bevel wheel on the diagonal worm 
shaft by means of a rod and counterbalanced lever at the front of the carriage. 
The worm is multi-threaded, and its angle, together with that of its axis, is 
such as to allow the wheel to slide through the worm. This worm wheel C is 
provided with a clutch face on each side of its hub, to engage with the 
corresponding clutches on the pinion A at the inside for the traversing or 
sliding motion, and with the hub of the outer wheel B for the surfacing 
motion — as shown in the figure the wheel C is engaged with Bi. The wheel 
B meshes with the combined pinion and rotary nut F, which is only free to 
rotate when the surfacing feed is in use. To engage C with Bi or A, an 
excentric bush is fitted on the end of the short transverse shaft carrying the 
wheel G. It receives the small crank shaft within the bracket, which is 
operated by a handle. When G is advanced to mesh with A for the 
traversing feed, the pawl £ simultaneously engages with the teeth of the 
pinion F on the surfacing screw, thus positively locking and preventing 
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the possible engagement of these two feeds at one and the same time. A 
similar locking arrangement is provided for the screw-cutting and traversing 
feed by the projecting lip D on the guide-screw nut push rod, which prevents 
the engagement of C with A whilst the nut embraces the screw, or vice versd. 
It will be observed that, with this arrangement, there is no possibility of 
accident to the traversing feed gear by the rack pinion driving backwards 
when the screw-cutting mechanism is in use. A taper-turning motion is 
obtained by the simultaneous engagement of the screwing and surfacing 
feeds. The guide screw is placed within the bed to reduce cross wind of the 

saddle, and is protected by the upper front 
way from dirt, and supported throughout 
its entire length by a lower ledge cast with 
the bed. 

Fine Handtraveksing Mechanism 

An outstanding feature of the American 
saddle is itshandiness for rapid and accurate 
manipulation. In the early machines and 
until recently the American firms did not, 
as a rule, supply a swivel slide to the rest, 
and, as a consequence, had to furnish a 
fine hand-traversing motion in the saddle. 





Fio. 159.— Sbllebs' Apbon. 



Fio. 160.— Sellebs' Saddle. 



This has proved so convenient that it has been retained in the machines of 
to-day, even m hen a swivel slide is provided. The American operator prefers 
it to the slide for hnnd traversing, and in the smaller machines it is generally 
admitted to be the better method. The British firms, as a rule, have always 
furnished a swivel slide t4) the rests and a quick hand-traversing motion to 
the saddle. In the older machines this last motion was only intended for 
bringing the tool quickly up to the work, and not for a hand feed. The 
pinions and racks were cast, thus producing an irregular or jerky motion 
altogether unsuitable for fine hand traversing. The latter was secured 
through the swivel slide screw. When this was the function of the hand- 
traverse motion, the single or double lever was usually fitted directly to the 
rack-pinion shaft in the smaller lathes, and with only sufficient gear purchase 
in the larger machines to enable the operator to move the carriage along 
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the bed. The perfection of the wheel-cutting machine, and the common use 
of machine-cut gears, together with the change of practice — partly brought 
about by the American design of saddle — have all led up to the present 
design, which leaves little to be desired for fineness of adjustment and 
regularity of motion. A few makers, however, adhere to the single or double 
lever, which does not give the machineman the same opportunity of observing 
the work whilst hand feeding as he would have with a hand wheeL When 
taking a heavy cut with the power-traverse feed, however, the motion is not 
so continuous as is desirable, even in some comparatively new machines. In 
the more recent lathes by British makers, the racks and pinions are of steel — 
machine-cut — permitting the use of a finer pitch, and the parts within the 
apron have been strengthened to reduce springing, whilst in some an outer 
bearing or support to the rack pinion immediately under the rack has been 
provided. These modifications considerably reduce the above objection, but 
the smallness of the pinion diameter is detrimental to uniformity of motion. 

In a recent design of high-speed lathe, by J. Bjickton and Co., Leeds, 
shown in Fig. 161, the usual rack pinion has been displaced by a spiral 
piniou, or multi-threaded worm, which meshes with the vertically straight 
tooth rack on the side of the bed. Motion is transmitted from the feed- 
change gear below the headstock to the longitudinal feed shaft, and suitable 
gearing within the apron communicates with a pinion shaft whose axis is 
inclined to an angle of about 30° to the rack, after the manner of the Sellers' 
planing machine drive. Four teeth of the pinion are continually in gear, so 
that in the 14-in. lathe, t,g,, a J-in. cut with ^-in traverse on mild steel at 
60 ft. per minute can be taken without any psrceptible vibration. Both the 
sliding and surfacing have their reversing mechanism in the saddle, and a 
quick hand motion for operating the saddle in either direction is provided. 
The screw-cutting motion, when fitted, consists of a leading screw situated at 
the front of the bed, actuated in the usual way by change wheels at the end 
of the headstock. 

Taper-tumlDg Attachments. — As already mentioned in the description of 
saddle mechanisms, a taper-turning feed can be secured by combining the 
longitudinal and cross-feeds. The feeds obtained by this means are limited 
by the values of the change wheels usually supplied and the fixed train of 
gear on the saddle apron, so that it is not always possible to get the feed 
desired. This is particularly the case with small lathes where the taper 
work is very varied. Such tapers, e.g,,^ as the Morse standards — which are 
approximately 1 in 20— could not be cut by this method. The fault here 
lies, of course, with the tapers wliich, in the case of the Morse, could be juat 
as easily 1 in 20 as almost that. 

Again, in small work it generally happens that only a portion of the job 
is tapered and the remainder parallel, so that it is necessary, for economical 
production, to be able to change quickly from taper to parallel turning, or 
mce. versa. This may be accomplished in several ways, but the most satis- 
factory method for moderate taper is that of the adjustable bar or slide at the 
back of the lathe. 

An attachment of this description, by John Lang and Sons, is shown in 
Fig. 162. The tapering bar A is supported throughout its entire length by 
the guide bar B, and swivels about a pin fixed in the centre of the same. To 
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facilitate setting the end of the guide bar nearest to the fast headstock is 
graduated in degrees, and A has a corresponding zero mark. The bar B is 
carried by the bracket C bolted to the rear of the saddle, so that it travels 
with it, whilst B is held by the stud D in the bracket E, which can be locked 
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Pia. 162.— Tapering Attachment. 

to the bed at any desired position. When taper turning, the surfacing screw 
nut is disengaged, and the projecting arm F on the bottom slide is coupled to 
G on A, so that as the saddle is advanced along the bed, the slides are 
compelled to follow the tapering bar. A cross adjustment to the tool when 
80 engaged is obtained by setting the swivel slide, as shown in figure. The 
arrangement permits of a quick and easy change, and of obtaining a taper 
anywhere within the length of the bed. 



CHAPTER XXXII 

GENERAL DISCUSSION OF SCREW-CUTTING AND CROSS-THREADING 

In some of the more recent machines the old time i-in. pitch guide screw or 
leader has been displaced by one of a finer pitch. The reason for this is not 
at all clear. Some engineer.^ have the idea that a fine-pitch screw, like a 
small-pitch wheel, gives a more uniform motion, and whether this, or the 
impression that a fine-threaded screw looks neater and more in proportion to 
the other parts of the machine in small lathes, is responsible for the departure, 
it is difficult to say. It is a common practice in America, in the smaller sizes 
of lathes, to furnish a leading screw having a pitch of 5, 6, or 7 threads per 
inch. This is quite in accord with their adopted system of pitch, viz. so 
many threads per inch. Providing screws of the usual number of threads or 
pitch can be cut as easily with a fine-pitch leader as with a coarse, it does not 
matter which is adopted. This, however, is not always the case, as will be 
seen from the following comparison. 

Taking a lathe where the leader is driven from the spindle through a 
train of change wheels mounted on a quadrant at the rear of the headstock, 
the nut being withdrawn when the tool has reached the end of the screw, and 
the saddle brought back by hand, we have : — 

Case {a) : Single Thread Even-pitched Screws. — When cutting a single- 
threaded screw of an even number of threads per inch with a leader of two 
threads per inch, there is no possibility of crossing or splitting the thread — 
providing, of course, the relative position of the tool and nut remain undis- 
turbed—as it will be a multiple of the leader, and as the nut can only enter 
every i in. or revolution of the leader, the tool will always be opposite tlie 
groove of the screw being cut. Should the leader have a pitch of 6 threads 
per inch no trouble will be experienced so long as the screw operated upon is 
a multiple of the same, viz. 6, 12, 18, etc., threads per inch. As the nut can 
be engaged every J of an inch, there is a chance of cross-threading at two 
distinct places, viz. J and J of an inch when cutting screws of any other even 
number, such as 2, 4, 8, etc., threads per inch. Similarly an even-pitch 
screw can be cut by a 7 per inch leader if it is a multiple of the latter without 
interference, but for any other even pitch the chances of crossing the thread 
are increased to 6 out of 7 times. 

Method (1). — An obvious way of surmounting this difficulty would be to 
provide a reverse motion on the countershaft wherewith to reverse the 
machine without disengaging the nut and leader. 

Method (2). — Such a method, however, is slow and tedious, and the 
operator generally prefers to disengage the nut and run the cariiage quickly 
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back by hand to the starting point. When this method is adopted, the nnt 
is engaged with the leader prior to taking the first cut on the screw. The 
faceplate and wheel on the end of the leader are then marked in line with 
some fixed object — frequently a chalk mark on the bed. A stop is brought 
up to the saddle against which it (the saddle) may abut, as it is essential that 
the saddle should return to the same position each time. After the cut has 
been taken, and the saddle has been brought against the stop, the nut is 
engaged with the leader when the marks on the faceplate and wheel come 
simultaneously opposite the fixed mark. Here the operator may require to 
stop the lathe to bring the marks in line, but unless the leader be of a very 
fine or odd pitch it is not generally necessary. Now, if the carriage is not 
brought to its original position, it is possible to engage the nut when the 
marks come simultaneously together, and yet cross-thread the screw. The 
result will be the same if the saddle is brought against the stop, and the nut 
engaged prior to the marks coming together. 

Case (b) : Single Thread Odd-pitched Screws. — If the screw operated upon 
contains an odd number of threads per inch, it is possible to split the same 
with a 2 per inch leader, as the nut can be engaged every J in. when the tool 
is opposite a half thread on the screw. With a 6 per inch leader there is a 
likelUiood of cross- threading in five places when cutting 1, 6, 7, 11, etc., 
threads per inch, but in the case of 3, 9, 15, etc., it will only halve the thread. 
Obviously a 7 per inch leader will cut 7, 21, 35, etc., threads without cross- 
threading, as they are multiples of the same, but with any other odd pitch the 
likelihood of crossing the thread is correspondingly increased. Briefly stated, 
the fraction of the leader in inches corresponding to the revolutions made by 
same, multiplied by the number of threads being cut, must equal a whole 
number to avoid interference. Thus, with a 6 per inch leader and 9 -threaded 
screw : — 

Inches oofTre«]Hmd- N amber of 

log to revolutions threads in 

of leader. pcrew. 

1 X 9 =11 (oroBfling) 

I X9 =3 

I X 9 =41 (crossing) 

J X9 =6 

J X 9 =71 (crossing) 

When cutting this class of thread with a 2 per inch leader, and adopting 
method (2), the task is comparatively easy, as the marks come together every 
second revolution of the leader, whilst they are diametrically opposite at the 
intervening revolution. With a 6 per inch leader the operation is by no 
means so simple, since the marks only come together every six revolutions, 
and there is not the distinct difference between them in the intervening 
revolutions, as in the preceding case. The occasions when the marks are 
diametrically apart are when the screw operated upon contains such thread 
as 3, 9, 15, etc., per inch, in which case the nut may be engaged every second 
revolution of the leader. 

The marks at times may be less than one-seventh of a revolution apart, in 
which case, when running quickly, as when cutting a screw of small diameter, 
it is most difficult, and sometimes next to impossible, to catch them. Under 
these circumstances the operator would stop the lathe to bring the marks 
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together, and, having run the saddle back to the stop, would enter the nut 
before re-starting the machine. The loss of time occasioned by the stopping 
and starting at each cut, and the absence of the man from the tool at the 
commencement of the cut — as it is not common nowadays to furnish a belt- 
striking gear which can be controlled from the saddle — cLre serious objections 
to this system. If the machine were fitted to allow of method (1) being 
adopted there would be no need to trouble about the marks on the faceplate 
and wheel on the leader ; neither would it be necessary to bring the saddle 
back to the original starting place each time, as the relative position of the 
nut and screw are always maintained. While this method is slow, it is sure 
and simple ; but the additional belt and pulleys on the line and countershaft 
are against its adoption, and unkss the' machine can be reversed from the 
saddle, it has the objection mentioned above. 

Method (3). — If the lathe is provided with a reversing train to the feeding 
mechanism similar to those shown in Figs. 116 ante, and the clutch actuated 
from the saddle either by hand or a self-acting knockout device (obtained by 
fitting adjustable tappets on the rod), another and more positive means of 
preventing cross-threading may be secured. 

The spur wheels oti the end of the spindle and change wheel or reversing 
shaft have equal numbers of teeth and the clutch can only engage the wheel 
at one place, the relation between the spindle and shaft being always main- 
tained. When the tool has reached the end of the screw the chitch is first 
disengaged, thereby bringing the change wheels and leader to rest, whilst the 
work continues to rotate; and the nut is afterwards withdrawn from the 
leader. If the saddle be then moved bacH so that the length of the screw, 
or screw produced (i.e. the travel of the tool) is a definite number of inches, 
the screw and leader will each contain an exact number of full threads, and 
the nut will correctly engage with the leader. After entering the nut the 
clutch may be engaged, and the same process repeated. Thus, by always 
stopping and starting at the same place interference is avoided. The 
arrangement conveniently lends itself to both operations (i.e. disengaging 
first the clutch and then the nut, and vice versa) being performed by one 
movement, as a small lever on the actuating rod, and travelling with the 
saddle, can be connected by a link to the nut handle. 

Metliod (4). — If the length of the screw be short, it may be quicker to 
engage the clutch with the opposite wheel, thereby reversing the feeding 
mechanism without disengaging the nut, in which case the tool will always 
be in the correct position, no matter where the cut ends or starts, or whether 
the number of threads be even, odd, or fractional. 

It is evident that the above result cannot be obtained when the clutch 
is mounted on the leader. 

The fine-pitch guide screw need not be fiirther discussed. Sufficient 
has been said about its accompanying disadvantages to preclude its adoption 
by preference, unless provision be made similar to that referred to in method 
(3). In what follows only J-in. pitch guide screws are considered. 

Case (c) : Single-thread Fractional Pitched Screws. — The case of a fractional 
pitched screw, such as a j-in. pitch or li^ threads per inch, is similar to that 
last discussed (case b\ in so far that if method (3) be used the saddle must 
always return to the starting place, and the nut only be engaged when the 
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marks come simultaneously together. * This, however, will only occur every 
third revolution of the leader, so that the chances of crossing are increased 
to two out of three. If method (3) be used, the length of the screw — or 
screw produced — may be in inches or half-inches, provided it is a multiple 
of I — the shortest length in which the leader and screw contain a full number 
of threads — or the number of threads contained therein may be divisible by 2. 
Similarly, with this system 3, when cutting a screw of l|-in. pitch or Ij^ 
threads per inch, the necessary length of screw for proper engagement must 
be a multiple of 3^ or the number of threads contained therein are divisible 
by 2. Whilst with method (2) there is no need to have a full number of 
threads or inches in the screw, the difficulty of catching the marks is con- 
siderably increased, as a correct engagement is only secured every seventh 
turn of the leader, and the marks in the interval may be but |th of a 
revolution apart. It is this class of work which gives the operator most 
trouble, involving harassing calculations on the lathe bed or 12-in. rule, and 
causes the greatest loss of his time. It appears that method (4), which is 
simple and positive, would furnish an entirely satisfactory solution of all 
cases if the reversing mechanism to same were fitted with a quick return 
train, capable of being controlled from the saddle. In this way the time 
spent in returning at the same rate as the forward feed is saved. It may be 
objected to this arrangement that there will be increased wear of the leader 
and nut. There seems, however, no reason why the diameter of the former 
and the length of the latter should not be enlarged to allow for same. 

Method (5). — Messrs. Archdale and Co., Birmingham, effectively overcome 
the above diCBculties in their small lathes by providing interchangeable nuts 
and small hollow leaders of different pitches. These can be slipped on and 
connected to a permanent spindle — occupying the position on the machine 
usually assigned to the guide screw — driven by a fixed train of wheels at 
the rear of the headstock, and by this means the wear is distributed over a 
number of pieces which can be easily and cheaply replaced. The system is, 
however, only applicable to small work. 

Case (d):. Multiple Thread Screws.— In a screw having more than one 
thread, each thread may be treated separately, so that what has already been 
said regarding the various methods, pitches, or number of threads per inch 
above applies equally to this case. Thus a ^-in. pitch, double-thread screw 
may be treated as a ^-in. pitch single, and a |-in. pitch treble as a |-in. 
pitch single thread, and so on. The width of tool and depth of thread must, 
of course, be proportioned to suit. The question of the sub-division of the 
screw arises, however, and this may be performed in several different ways, 
depending on the pitch and number of threads. If, e,ff,, the pitch of the 
screw operated upon is a whole number of inches — i.e. 1-in., 2-in., 3-in., etc., 
pitch — and double-threaded, the operator would probably adopt method (2), 
but would prefer to mark the faceplate in two places — diametrically opposite 
each other. The nut would then be engaged as these marks came together 
alternately with those on the leader wheel and bed, and a cut would be taken 
down each thread in succession before altering the feed or depth of cut. 
Similarly with a treble- threaded screw of IJ-in., 3-in., 4^-in. pitch, the face- 
plate would be divided into three parts and marked ; a cut being on each 
thread in succession, as described above. 
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For the majority of multiple-threaded screws, however, the above system 
is inapplicable, and a method which will meet all cases is the following : 
Assuming the change-wheel shaft to rotnte at the same rate as the spindle^ 
which it generally does — the operator would select, as a member of the train, 
a first-motion change wheel, having its number of teeth a multiple of the 
number of threads to be cut. Having engaged the nut, fixed the stop behind 
the carriage, and marked the faceplate and wheel on the end of the leader 
in line with the fixed mark prior to taking the first cut as in method (2), he 
would then divide the teeth of the first-motion change wheel into the required 
number of parts, making sure that the first marked tooth was diametrically 
opposite a space in the driven wheel. Proceeding as in method (2), he would 
then complete one thread. To cut the second thread the first-motion change 
wheel should be withdrawn — clear of the driven wheel, so that the remainder 
of the train and leader are undisturbed — and turned round with the spindle 
until the next divided tooth came opposite the space vacated by the first 
marked tooth, and would be engaged with the same. As the mark on the 
faceplate has changed its position during this operation, it is necessary 
to re-mark the same, and to save confusion the first mark should be 
obliterated. 

The result of this operation is that the work with the spindle has been 
simply turned round to the next thread without disturbing the change wheels, 
guide screw, or position of the tooL A similar result would be obtained by 
dividing the faceplate into the number of parts corresponding to the threads, 
and having disengaged the change wheels, moving it — the faceplate — around 
one di vision j This, and all such methods, however, lack the accuracy of the 
former in that the operator cannot so conveniently divide the faceplate, and 
the backlash in the change wheels, etc., having been released and unaccounted 
for, may be sufficient to throw the wheel out one or more teeth, thereby 
producing threads of varying thicknesses. When, therefore, the screw-cutting 
feed is driven through the turning feed mechanism, the latter should contain 
a pair of equal wheels— as in Fig. 144 — to allow of the sub-division being 
performed outside the box, where it is accessible and easily seen. 

An an^angement whereby the direction of traverse may be reversed from 
the saddle and the tool returned to the starting point at a much higher rate 
of speed than that of the feed is shown in Fig. 164. 

The device will be more easily understood by considering first the simple 
reversing train shown in Fig. 163. Here the wheel A is keyed to the spindle 
or other similar shaft, and drives the wheels B or C, depending on the 
direction of feed desired. The wheel B is keyed to the change-wheel shaft 
G, which rotates in the excentric bushes H fitted in the headstock cheeks. 
The intermediate wheel is mounted on a shaft carried by the arms, coupled 
together by a cross shaft and to the bushes H, so that they move together. 
Thus, if the handle is raised as shown at K, the wheel B meshes directly 
with A and rotates in the opposite direction; whereas if the handle is 
depressed as shown at L, the intermediate wheel C is brought into gear with 
A, thereby causing B to rotate in the same direction as A. By bringing the 
handle to mid-position, the train is entirely disengaged, as in the ordinary 
reversing gears. The mechanism can be locked in any of the three positions 
by a pin in the headstock cheek which enters the excentric bush H, or by 
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any of the other locking devices commonly adopted, and previously described, 
to suit the position of the train. 

There is no particular necessity for the feeding mechanism to be capable 
of being reversed from the saddle, unless it be to retain the relative position 
of the tool and work as when screw-cutting. Gross-feeding, or surfacing 
with a knifing tool, is about the only case where the tool would be employed 




o 



I 






to cut both ways without having to alter its position. If the proper form of 
tool is adopted for the traversing feed — be it roughing or finishing — it will 
drag or score the work if an attempt be made to feed in the opposite direction. 
When screw-cutting, the thread is generally right- or left-handed — it is 
extremely rare for it to be both — so that it is impossible by simply reversing 
the saddle motion to cut both ways, since it would be necessary for the work 
to rotate in the opposite direction, and the tool to be turned upside down 
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and probably readjusted. In the device shown in Fig. 164, which is believed 
to be novel* the wheels A, B, and C form the simple reversing train, as in 
the arrangement above, whilst D, E, and F form the quick-return train. The 
wheels B and F are free on the change-wheel shaft G, but can be connected 
to it by the double-faced clutch I, which is keyed to the shaft The clutch 
has a large tooth, so that it can. only engage the wheel at one place, and as 
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A and B are equal, the relative position of the clutch and work is maintained. 
The clutch is controlled from the saddle by a push-and-pull rod at the front 
of the bed and a lever in the headstock. The wheel D is mounted on the 
same shaft as the wheel C, and since the latter is smaller than the driver 
(A or B), and D larger than F, the speed of revolution of the last named 
is greater than that of the spindle. An intermediate wheel E parried on the 
right-hand arm H is introduced between D and F, so that whatever may be 
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the direction of motion of B, that of F will be opposite. Should the quick 
return train not be required, the right-hand train may be disengaged by 
withdrawing the wheel D. 

The accompanying table of change wheels is that often supplied with 
lathes used for general screw-cutting. 



Table of Change Wheels showing the Pbopeb Wheels fob Outtinq Scbews 

OF Vabioub PrrcHEB. 
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CHAPTER XXXIII 

SADDLB-FEEDIKG MECHANISM FOB UEAVY LATHEa 

When the height of centres exceeds 15 in., the saddle is usually fitted with 
duplex rests to permit of one or more tools on both the back and front rests 
acting together ; the resultant thrust on the job, and the twisting effect on 
the saddle, being thereby largely obviated. In such cases the feeding 
mechanism to the saddle is similar to those already described and shown, as, 
e.g,, in Fig. 165. When, however, the centres exceed 24 in., the beds are usually 
longer, and fitted with two or more saddles, which may or may not have 
duplex rests, depending on the style of the lathe or class of work for which 
the machine is intended. If the lathe is to be used for heavy forging and 
propeller-shaft work, the bed is usually of the two-way type, and the saddles 
are fitted with duplex rests. For crank shafts, etc., the bed is of the three- 
or four-way pattern, with independent saddles and rests on the front and 
back ways, to permit of the tools not only operating practically oppositely to 
each other, as in the case of the duplex rests, but also upon different parts of 
the work as may be required. Where the length of the bed is e^ort, or 
where the initial cost is a prime consideration, the feeding mechanism for 
lathes with multiple saddles may consist of a change-gear arrangement at 
the end of the bed and mechanism within the saddle apron similar to that 
already described for the smaller machines. 

In the case of lathes with saddles abreast on three- or four-way beds, a 
longitudinal feed shaft is usually fitted at the front and back of the bed, and 
motion is communicated from the spindle and feed-change gear to one of the 
shafts, and from thence to the other, in which case the saddles all move at 
the same rate. By providing a separate change-gear device to each shaft, 
the back carriages may be moved at different rates from those at the front. 

Generally, however, in the more recent machines with multiple saddles 
and long beds, whether of the two-, three- or four- way type, each carriage is 
provided with independent feeding mechanism, so that it can be actuated in 
either direction and at varying rates of feed. The feed gear in this instance 
is placed within the saddle apron after the manner of those described, and 
driven through change wheels, which, together with a quadrant, are fitted to 
each saddle, and receive their motion from the longitudinal feed shaft at the 
back or front of the bed. This last shaft is driven from the spindle, or from 
a side or faceplate pinion-shaft, by a simple train of gear at the end of the 
fast headstock. When adapted for screw-cutting, the screw is driven from 
the spindle through change wheels mounted on a swing frame at the end of 
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the bed, and a single or double clasp nnt is fitted to the saddles, as in the 
smaller machines. 

In these large machines the saddles and rests are too heavy to be moved 
quickly by hand, as, when geared down to allow of hand adjustment, the 
motion is very slow. The hand-traverse feed is therefore, in such cases, 
frequently supplemented by a quick-power traversing motion. This is 
obtained by disengaging the worm and wheel within the saddle apron, and 
engaging a special set of wheels with the wheel on the rack-pinion shaft, or 
in some similar way. Another method is to provide a train of gears which 
can be readily engaged at the end of the feed shaft, or guide screw, whereby 
the speed of these members is largely increased. 



Saddle Mechanism for Lathe with Duplex Rests 

In Figs. 166 and 167 is shown a design of saddle fitted with twin-rotating 
and non-rotating guide screws — one on each side of the bed — for a 36-in. 
centre surfacing, screw-cutting, and taper-turning lathe, by Hulse and Co., 
Limited, of Manchester. Each carriage is fitted with a similar mechanism, 
it being arranged that one may be sliding or screw-cutting whilst the others 
are surfaciiig or taper-turning. Motion is transmitted from the spindle 
through change wheels mounted on the swinging frame at the end of the 
headstock to the longitudinal feed shaft between the bed ways. A spur 
wheel— twenty teeth 1-in. pitch — keyed to this shaft, and carried by the 
bearing within the saddle, meshes with a similar wheel on the short central 
mitre wheel shaft. Steel mitre wheels keyed to the free sleeves on the trans- 
verse hand-adjusting shaft, and capable of being coupled to it by means of a 
toothed clutch, transmit the motion to the spur wheels — twenty-eight teeth 
1-in. pitch — on the rotary nuts on each side of the saddle through a second 
mitre wheel 'and pinion, thus furnishing a traversing or screw-cutting 
motion. 

The surfacing and taper-turning motion is obtained through the spur 
wheel — twenty-two teeth J-in. pitch — keyed to the sleeve of the mitre wheel 
on the hand-adjusting shaft, and through a similar wheel on the transverse 
mitre-wheel shaft on the right-hand side of the saddle. The motion is then 
conveyed to the surfacing screws through the reversing mitres on the swinging 
brackets at the rear of the saddle, the mitre or worm-change gear free on the 
end of stud fixed at the rear of the saddle, the spur wheel on same and left- 
hand transverse shaft to the spur wheels on the end of the surfacing screws 
at the front of the saddle. 

These spur wheels — twenty teeth, four per inch pitch — are all freely 
mounted on their shafts and engaged to the same by friction cones locked by 
spanner and nut. Change worm gear is provided to give a varying rate of 
surfacing or tapering feed ; and the independent reversing mechanism at the 
rear of the saddle to these permits of a reverse taper motion, irrespective of 
the direction of the traversing feed. Both feeds can be immediately dis- 
engaged by the combined handle and nub at the front of the saddle. 

The advantages of the twin non-rotating screws are : — 

That by propelling each carriage simultaneously by screws at opposite 
sides of the bed, there is no twisting or cross-straining action upon the 

t 
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carriages, no matter what the diameter operated upon may be, or whether 
either or both front and back tools are in operation. 

The screws being keyed in their bearings at both ends, the torsional strain 
is considerably reduced, and a corresponding increased rigidity and cutting 
power is secured. 
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Saddle Mechanism for Lathe, with Four way Bed 

A general view of a 1500 mm. — 60 in. — centre sliding, surfacing, and 
screw-cutting lathe, by Ernst Schiess, Diisseldorf, is shown in Fig. 168. The 
lathe is of massive proportions throughout, and will admit 10 metres — 
33 ft. — between centres. It is intended for turning heavy crank shafts and 
forgings with high-speed steel The bed is of the four-way, four-webbed 
type, 3100 mm.— 122 in.— over the ways, and 700 ram. — 27^ in.— deep. It 
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is fitted with four independent carriages, two on the front ways and two on 
the back, each being supplied with compound slide rests. The saddles have 
self-acting, reversible, independent feeds in the longitudinal and transverse 
directions, actuated by means of a splined shaft at the front and back of the 
bed, together with a longitudinal quick power and hand traverse. A screw- 
cutting feed is provided to the front carriages only. The guide screw is 




placed within the bed and under the front way, and is operated by the 
change wheels at the end of the fast headstock. This is clearly shown in 
figure. The longitudinal feed shafts at the front and back of the bed receive 
their motions from the spindle through the simple train of wheels on the end 
of the fast headstock. The diagrammatic sketch — Fig. 169 — gives particulars 
of the wheels, and shows the arrangement of the mechanism on each saddle, 
which, by the aid of the feed tables, will be easily understood. The two 
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wheels on the extreme left of the carriage can be changed to allow of a 
greater variation of feed if desired. 

Turning Feeds 

Sliding Feed per Bevolution of Spindle, 

?o X II X If X ^ X H^^ X §f X Jl X 17(5 X 314 = 0-57 mm, = 00225 io. 

fS X gf X If X ^f X 3^ X §f X k X 1'76 X 314 = 098 mm. = 00386 in. 
fo X If X J5\ X is X Jf X 16 X 11 X 314 = 2-5mm. = Olin. 

U X If X bV X §5 X 1% X 16 X 11 X 314 = 4-4 mm. = 0175 in. 

Surfacing Feed per Bevolution of SpindU. 

U X ff X If X il X §8 X f I X 10 = 0-435 mm. = 00173 in. 
U X fl X If X Jl X f8 X II X 10 = 0-76 mm. = 0-03 in. 
fo X 11 X 18 X If X 10 = l'9mm. = 0075 in. 

H X if X §8 X If X 10 =r 3-35 mm. = 0132 in. 

Quick Power Traverse to Saddles 

Advance of Carriage per Bevolution of Spindle. 

U X ff X If X ^1 X M X if X Jf X 176 X 3 14 = 22 mm. = 0*87 in. 
fo X If X If X if X II X If X if X 176 X 314= 38 mm. = 1-5 in. 
tS X ff X If X ff X li X 11 X 16 X 314 = 96 mm. = 3*8 in. 

H X 12 X If X if X if X 11 X 16 X 314 = 166 mm. = 6*3 in. 

All the wheels have machine-cut teeth, and the pinions, bevel wheels, and 
rack are of steel. 

Figs. 170, 171, and 172 show a patented design of saddle by Hulse 
and Co., LimiteJ, of Manchester. The example selected is that for a 32-in. 
centre-sliding, surfacing, screw-cutting and taper-turning lathe, arranged to 
admit 58 ft. between the centres, and to swing 46 in. over the saddles. The 
bed, of the four-girder four-way type, is 69 ft. 3 in. long, 78 in. over the 
ways, 21 in. deep, and in three lengths. Two non-rotating steel guide screws 
all of the same length are fitted between each pair of ways. Four independent 
saddles fitted with compound slide-rests are mounted on the bed — two on 
the front pair of ways and two on the back. Each carriage is provided 
with a rotating nut and reversing mechanism. A quick-power traversing 
motion is furnished for each carriage, and the saddles on the front ways are 
fitted with taper-turning mechanism. 

Motion is transmitted by the mitre wheels on the end of the spindle 
through vertical and horizontal shafts at the rear of the headstock to the 
longitudinal feed shafts at the front and back of the bed. The mechanism for 
the four carriages is alike— with the exception of those on the back ways, 
which have no tapering motion — and are fitted right and left hand. The 
diagrams — Figs. 171 and 172— show a left-hand front carriage, the one nearest 
the fast headstock. On the longitudinal feed shaft within the saddle apron is 
keyed a sliding clutch, which engages either of the clutches fitted to a pair of 
mitre wheels. The wheels are free on the shaft, and rotate within bearings 
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in the saddle wings. They mesh with a third mitre wheel keyed to the 
change-wheel shaft, whose axis is at right angles to the feed shaft. A change- 
wheel plate swings about the axis of the mitre or change-wheel shaft, and is 
fitted with suitable wheels communicating with the change wheel on the end 
of the intennediate wheel shaft. The intermediate wheel — 18 teeth, 3 per inch 
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Fig. 171.— SKcnoNAii Plan and Elevation op Hulbe'b Saddle. 



pitch — within the apron meshes with the spur wheels — 36 teeth, 3 per inch 
— freely mounted on the surfacing screw and the transverse feed shaft, but 
can be connected to the same by the clutches keyed thereto. 

For the traversing and screw-cutting feed, motion is communicated through 
the mitres on the transverse feed shaft to the mild steel pinion — 13 teeth, 
1^-in. pitch — on a short longitudinal shaft to the wheel — 2G teeth— keyed to 
the gun-metal rotary nut within the carriage cheeks. Washers and nuts are 
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fitted to take the thrust and wear in both directioas. The screw does not 
rotate, and is held fast at both ends in its bearings. A right- or left-hand feed 
is obtained by engaging the clutch on the longitudinal feed shaft with the r^\»' 




Cfia/ioe Wheals for Sinimg snd St/rf^ctrrg:- 

$par Whscis >JSJS70. JO JO 4 0. 45jrg'p 
Chgnge Wheels for Tapering: 
'^j*- I Spur Wheals ^030 JO. 4$jt4'PJ. 

Spur V/fteffiS 20.5Cjr £/JPflCfi , 
Wcrffi Wheals 30. 35 fid. *5 SQ^t^ 







Fig. 172. — Cboss-section and Details op Hulse*8 32-in. Saddle. 

or left-hand mitre. The clutch claw is fixed to a horizontal shaft, screwed at 
one end, and keyed in the bearing at the other, yet free to slide therein. It 
is controlled by the combined nut and handle at the right-hand side of the 
saddle. This reversing mechanism also serves for the surfacing feed. In the 
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back saddles — which have no tapering motion — the clutches on the surfacing 
screw and transverse feed shaft are controlled by the one handle, as the 
shafts which carry the claws are connected by levers. This ensures, by one 
movement^ the entire disengagement of one feed prior to the engagement of 
the other. 

The tapering motion is obtained by combining the traversing and surfacing 
motions. The mitre wheel on the end of the transverse feed shaft gears with 
another, keyed to the short lateral shaft near the front of the carriage. On 
the end of this shaft is mounted a change wheel, which meshes with a similar 
wheel on the bevel- pinion shaft below — as shown on the drawing — at the 
left-hand side of the saddle. Motion is transmitted through the bevel wheels 
to the worm on the swivelling bracket, which meshes with the worm wheel 
keyed to the loose sleeve on the surfacing screw. 

Clutch teeth are formed on the inner end of this sleeve which are engaged 
with the screw by the same clutch as is used for the surfacing feed proper. 
Eeverse tapers can be cut by engaging the clutch — which is controlled by the 
handle on the left-hand side of the saddle and mechanism similar to that 
used for the sliding feeds — with either of the bevel pinions. The worm 
bracket is made to swivel, to allow of different worm wheels being mounted 
on the sleeve. As the saddles are provided with their own change wheels 
and reversing gears, they can screw-cut or feed in either direction irrespectively 
of each other. Since the change gear may be used in combination with that 
for tapering, one saddle may be sliding parallel or taper at any required angle 
and rate of feed, whilst the other is screw-cutting or surfacing. 

A list of feeds and tapers, together with the necessary wheels is given in 
the accompanying table : — 
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Change Wheels for Tapering, 
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Quick-traversing Mechanism to Saddles 

Fig. 173 shows the quick-traversing mechanism to the saddles of the 
32-in. centre lathe of Fig. 170. At the fast headstock end of the bed there 
is bolted a base-plate, upon which is mounted a 12 horse-power motor. 
This is coupled directly to the worm shaft. The worm runs in an oil bath, 
and meshes with a wheel keyed to the hub of the pulley. The pulley has a 
support in the bearing, and rotates freely on the longitudinal feed shaft at 
the front of the bed. This pulley communicates with the similarly mounted 
pulley on the end of the feed shaft at the back of the bed by means of a cross 
belt. The inside of the rim of both pulleys is machined to receive the split 
ring and wedge piece, etc. 

The disc carrying the expanding ring, wedge piece, and thrusting arm is 
keyed to the feed shaft. A hemispherical-headed pin is fitted to the end of 
the arm, and rests upon the cone-ended sleeve keyed to the shaft, and free to 
slide on the same. On the opposite end of the sliding sleeve is formed a 
tooth clutch, which meshes with the corresponding clutch keyed to the mitre 
wheel. It is free on the feed shaft. 

For the ordinary turning feeds the positive clutch is engaged with the 
mitre wheel, and motion is transmitted from the spindle through the mitre 
wheel and transverse shaft at the end of the bed. To engage the quick 
withdrawing mechanism, the clutch is moved to the left, so that the cone 
thrusts the arm outwards, and forces the wedge up the inclined cheeks of the 
ring. It is thus caused to expand and to bind with the pulley, thereby 
imparting the motion of the latter to the shaft. The angle of the wedge is 
sufficiently steep— about 15 dejg. — to allow the ring to regain its normal 
position when the sleeve is withdrawn. A handle is provided for controlling 
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the sleeve, and another for locking it in any of its three positions. The fact 
of the shafts being fitted with separate engaging mechanisms permits of either 
the front or back saddles being rapidly moved along the bed without mutual 
interference — Le, one or more of the carriages on the back ways may be 
quickly traversed, while those on the front ways are engaged with the 
ordinary feeding mechanism, or vice versa. Again, both sets may be moved 
together, and since the conical sleeve is combined with the positive clutch, it 
is impossible to have a simultaneous engagement of the quick traversing and 
feeding mechanism. The motor makes 1000, whilst the longitudinal shafts 
make 143 revolutions per minute, which gives a traversing speed to the 
saddles of 3 ft. per minute, when the change wheels for the J-in. feed are 
engaged. 

Supports to Guide Screw and Longitudinal Feed Shaft. — It will be observed 
that in some of the designs discussed a bearing is provided in the saddle for 




Fig. 174. 



the guide screw immediately in front of and behind the nut, and that the 
longitudinal feed shaft has a bearing on each side of the worm box. The 
necessity for such supports is apparent if the nut and screw or worm and 
wheel are to be continually in proper mesh. When the unsupported length 
of the screw exceeds 36 diameters and the shaft 60 diameters, it is desirable 
that they should be supported by other means than those mentioned above. 
As the worm completely surrounds the shaft, it is essential that the beariog 
should be capable of being depressed to enable the saddle to pass over the 
same, and also of returning to its first position immediately the saddle is 
clear. If the nut only embraces a portion of the screw, permanent supports 
for the same may be iSxed to the bed at suitable intervals. When, however, 
the segmental nut practically encircles the screw so that fixed supports are 
inadmissible, swing or drop bearings, similar to those employed for supporting 
the longitudinal shaft, have to be provided. 

A swing bearing much used for this purpose takes the form of a bell- 
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crank lever with half -bearings at the extremity of each arm, and cut away 
at the fore part to clear the shaft when swinging. The design is not suitable 
for lathes with multiple saddles, and the scheme shown in Fig. 184 is 
generally preferred. The upper portion or bearing A is carried by the two 
levers C, swinging about the fulcrum pins B fixed in the bracket attached to 
the bed. The bearing is counterbalanced by the weight D fixed to the 
extremity of one or both levers. A striking plate fitted to the saddle, and 
coming in contact with A or other provided projection, depresses the bearing 
to the position shown by the dot-and-dash lines. Although this type of 




Fig. 175. 



bearing is very commonly used, it is not as satisfactory as it would appear. 
When the bearing is clear of the saddle, the balance weight brings it quickly 
back, thereby causing it to surge and, more often than not, will come to rest 
before it has regained its central position. The weight of the shaft coming 
upon it throws it further out of line, and to increase the balance weight so as to 
lift the shaft aggravates the surging effect. Even when most accurately fitted 
and balanced, the unstability of the design and the vibration of the shaft and 
machine would prevent it maintaining its proper position should it happen 
to regain it. 

In the design by Hulse and Co., shown in Fig. 175, the bearing A is 
carried by the two single levers C, and independent levers E are employed to 
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carry the balance weights D and their bars. Both C and E are free to rock 
separately on the fulcrum pins B, fitted in the bracket G bolted to the bed. 
This bracket (G) is furnished with a toe-piece (etched lined in figure), against 
which the heel of the levers E is made to bear when the bearing is in its 
normal position, whilst the toe of the levers bear against the adjustable 
screws F fitted in the lugs of the lever C. Thus the levers E and weights D 
are alternately raised and freed from G as the bearing is moved in opposite 
directions. If the saddle is moving towards the left hand or fast headstock, 
the bearing is pushed in that direction and downwards, and the screw F in 
the right-hand lever C simultaneously thrusts against the adjacent lever E, 
and raises the balance weight as shown in dotted lines. Meanwhile the left- 
hand lever E is held in its normal position by the toe G. Conversely, when the 
bearing is moved to the right hand, the left-hand lever and weight is raised 
whilst the right-hand members are retained. From this it will be observed 
that no matter in what direction the bearing may be moved, it is brought 
back to its proper position and against a positive stop so that it cannot surge. 
The counterweight acting at an advantage is capable of preventing the 
bearing being disturbed by the vibration of the machine, etc., and the shaft 
from sagging. 



CHAPTER XXXIV 

STRENGTH AND PROPORTIONS OF FEED MECHANISMS 

Fundamental to the rational design of the feed mechanism is a knowledge 
of the force required to slide the saddle along the bed whilst taking a cut. 
This force depends on: (1) The magnitude and direction of the resultant 
cutting pressure on the tool ; (2) the design and proportions of the saddle 
and bed, together with the relative positions of the feeding rack or feed screw 
and tool point ; (3) the coefficients of friction between the various sliding 
surfaces of the saddle and sheers. 

The three rectangular components of the resultant cutting force have 
values which are known from our experiments with the "Universal lathe 
tool dynamometer." These experiments have been described and tabulated 
in Chapters III. and IV. 

For soft or medium steel the vertical component V has a value of about 
100 tons per square inch of area of cut^ when working with a tool ground to 
ordinary shop angles. The horizontal component T parallel to the length of 
the bed or '* traversing force " has for the same material and shape of tool a 
magnitude equal to roughly 0*25V ; and the horizontal component S perpen- 
dicular to the length of the bed, called by us the " surfacing force," may be 
taken to be equal to 0-5V. 

In accordance with these data the total force required to slide the saddle 
along the bed will consist of : — 

(1) The net traversing force T = 0-25V. 

(2) The frictional resistance between the saddle and top of bed, due to 
the vertical cutting force V, together with the weight of saddle and rests. If 
the coefficient of friction for such greasy but polished surfaces be taken equal 
to 015, this force of friction will amount to 015 X IIV = 0165V; since 
the weight specified is about 10 per cent of the force due to the standard cut 
for lathes up to 36-in. centres. 

(3) The frictional resistances between the saddle and the edges of the 
bed are due either to the surfacing force S as a whole ; to forces produced at 
two opposite corners by the " cross-wind " of the saddle, owing to the rack 
and tool point not being in the same vertical plane ; or to the backward tilt 
caused by the height above the bed at which the force S acts. With 
fjt =s 015, as before, we have — since S = 0'5V — for this frictional resistance, 
fjiS = 015 X 0-5 V = 075V. It is easy to show that the addition to be 
made to this for the friction due to the cross-winding and tilting tendencies 
vrill not ordinarily amount to more than 001 to 0-02V. Thus the total 
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frictional resistance due to the action of the surfacing force S amounts to 
about 0-lV. 

The net force F requi1*ed to slide the saddle along the bed at a uniform 
speed, constituted by the sum of these three items is, therefore : — 

F = (0-25 + 0165 + 01)V 
= 0'515V, or, say ^V 

With the standard cut, of area = ^^aa s<iuare inches, this force has values 

for the various sizes of lathes given by the following expression [in terms of 
the height of centres (A)] : — 

F = ^V = i X 100 X 2240 x g^ = IT'oAnb. 

= 18Anb. 

Thus with— A = 6 in. 12 in. 18 in. 36 in. 72 in. 

we have— F = 648 2590 5830 23,400 93,6001b. 

The power-drive for supplying this pushing force may be obtained in very 
many d^erent ways, as described in Chapters XXXL and XXXIII. ; but that 
force is delivered to the saddle in the end by means of either a pinion 
hung from the saddle, operating upon a rack fixed to the bed, or by a nut on 
the saddle driven from — or driven by — a screw alongside the bed. 

The teeth of this pinion, which is usually of steel and machine cut, have 
therefore to be of sufficient strength and rigidity to transmit the force 
F = 18A^. On the assumption that the pinion should not have less than 
fourteen teeth, that these teeth are to have radial flanks, that their height is 
to be 0*55 times their pitch, and that the pinions are to be of a width equal 
to three times the pitch ; then, in the fundamental formula for the strength 
of a machine-cut tooth (Chapter XXIII.) 

F = P = g;,6/ (135) 

we shall find that e = 2, a = 0434, /3 = 055, and F = ^^-^ ^^Ifpfi 

o X U'oo ^ 

= 0114p5/. 

But h = Zp .-. F = 0-342py = 18A«. . . . (136) 

This shows that the pitch should vary directly as the size of the lathe. 

According to the diagram — Fig. 176 — in which the results obtained from 
practice are plotted as ordinates on a base of lathe heights, we find, however, 
that the law is 

i' = ^ (137) 

or the pitch increases more slowly than the height of centres. 

There are three possible causes for this discrepancy between theory and 
practice — 

(1) The values adopted in practice for the smaller sizes may be too great 
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(2) Those used for the larger sizes may be too small ; or 

(3) If the values adopted in practice are really correct, the safe working 
stress allowed does not remain constant for all sizes of lathes, but is 
diminished as the rack pinion gets smaller in diameter. If the stress (/) be 
taken equal to 1320A in the fundamental formula above, we immediately 
obtain the practical rule 






(138) 



A simple formula which almost equally well fits the data of practice, and 
provides a greater margin of strength for the smaller sizes is 



^ = 60 + *^°- 



(139) 



Pitch *nii Width ofC/iange Wh^eis *nd 
RsckPmhttt, sito Diameter and Pitch of 
LBedmgSerem hrLethet upto J/'Ceatres 



^WNtthotRadi 

• Pitch tfChangeWbeelt 

^matF do. oh 




6 a f8,»303f4t48S9^S0eC72 
Mtight at Centres (in inches, J 

Fig. 176. 

Peed Shaft. — In proportioning the feed shaft, it is proposed to make it 
of such strength and stiffness as to be able to transmit the power necessary 

for traversing the saddle at the standard rate of feed ( r^) with the standard 

area of cut (jx X ^^ j when it is itself rotating at the same speed as the 

spindle. The reason for this will be clearly understood from the annexed 
skeleton sketch— Fig. 177— of an ordinary feed mechanism, in which four 
change gears are shown corresponding with our proposed four standard rates 

of feed, Yog fgQ oTTf *^^ Qfio ^^^ ^ which for the j^ feed the feed shaft 

is shown geared right back to the spindle by equal wheels. With a worm 

u 
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having t threads let the rack pinion make % revolutions, whilst the feed shaft 
makes one turn. Then, K being the number of teeth in the worm wheel, L 
and M the number of teeth in the wheels so marked on the figure — 



"=K-M 



(140) 



i\/A 



Now the rack pinion circumference is 14^, and the saddle therefore 

o 



moves \^—=-n 




= 2-8»v/A 
14<L /, 




Fig. 177. 



whilst the feed shaft makes one turn. If this distance = ^-^^c, we must have 

IbU 

-taking jj = 5- 



h 



14< 



or 



160 ~ 5 X 4K 
K^112 



Vh 



(141) 



., L 



Thus if jr= be taken at i and the ratios given in the table are adopted for 
the worm gear ratio Cj), the feed shaft will rotate once whilst the saddle is 



h 



fed through a distance = y^ . inches (i.e. whilst the spindle rotates once). 
Table of worm gear ratios on feed shaft - . 
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Thus for A = 6 .. 12 ... 18 ... 36 ... 72 
5 46 ... 32 ... 26 ... 19 ... 13 

Let the force acting on the teeth of the wheel G be Q lb. and its pitch 
circle radius be r inches ; then the work done on 6 during one revolution of 
the feed shaft is 27rQr inch-lbs. During the same interval of time the 

work spent in driving the saddle (through r^ inches) is 0'5V x ^^ inch- 
lbs. If, therefore, the efficiency of the drive as between G and the saddle be 
0-25 X 0-94 X 0-94= 0-22 (0*25 for the worm drive, 094 for each of the pinion 
drives), we shall have 

2.Qrx, = 0-5Vx4- = 18^'^ 
and Q^ = ___=__ lbs. xnches. 

or ■"' ~ 12 ^^' ^^^^ (142) 

is the torque to which the feed shaft is subjected. 

Q 

Now it may be easily proved that if -^ be the angle of twist allowed per 

unit length of the shaft, d its diameter, and G the modulus of rigidity of its 
material, then 



I " Grf* 

10-2T _ 1 0;2 A8 

of ^'120! 



e _ 10-2T 

I ~ 

Hence d* = 

G| 12c 

or d^ = ch^ or rf = — 

c 

when c is a constant depending on the rigidity of the material of the shaft, 
on the angle of twist per unit of length allowed in practice, and on the depth 
of the keyway in the shaft. From the data obtained in practice it has been 
found that c = 4.} gives a fair agreement with the sizes ordinarily employed. 
So that the feed shaft diameter may be found from the formula — 

d = ^ (143) 

Feed shaft diameters. 



k= 6 


12 


18 


24 


30 


36 


48 


60 


d=lm. 


IJin. 


2 Id. 


2^ in. 


25-in. 


31 in. 


4 in. 


4|in. 



Strength of Teeth for Feed-change Gear. — The pitch of the feed-change gear 

h 
30" 



teeth is found to be about iy^ — vide Fig. 176. The number of teeth on the 
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A 30 A 



wheel G is about 30 : so that the diameter of G is ^n X — = -. Hence, the 
force Q acting on the teeth is known from Q = j^- = "Tor ~ ~6~ ~ i**^' 

Taking, as before, in the formula ^1*/; e = 2, a = 0434, /3 = 0-55, and 
6 = 2p we get — 

the load = 0228 ^y = Q = JA*. 

Hence, ^ = rTZSA/ ? »•«• P = 



0-456/' -'^"O-eTSv// 

in which if/ be taken equal to 2000 lb. per sq. in., we obtain the practical 
formula — 

^»3-0 (^**> 

Comparing this rulejp = qo^^^ ^^ ^^^ plotted in the diagram, we see 

that for small sizes the teeth are usually of greater, and for large sizes, of 
smaller pitch than the rule indicates. 

This appears to show, as was found to be the case with the rack pinion, 
that a smaller working stress is usually allowed for small than for medium 
sized teeth. 

Another reason for the discrepancy, with lathes of larger sizes than 36-in. 
centres, may be that for them the feed shaft is often run at a higher speed 
than the spindle, not only when the lathe is taking the standard cut with 
the standard feed, but for all cuts and feeds. The change gear is situated in 
the saddle itself, as pointed out in a previous article, and the feed shaft to 
spindle velocity ratio is constant. 

The above rule for the pitch is applicable to all the wheels of the change 
feed mechanism. They are usually all of the same pitch, although the 
reversing train on the spindle is generally of steel. This is justified by the 
fact that the train is in use for every cut and feed* 



The Leading Scbew 

The leading screw is always of superabundant proportions as regards 
either strength or stiffness, and its design, apart from kinematical considera- 
tions, which have been already very fully gone into, appears to depend upon 
the allowable bearing pressure between nut and thread, i.e, upon the amount 
of wear to be provided against. 

The pitch is usually two threads per inch up to and including 21-in. 
centres, and one per inch for sizes beyond that. 

If j7 is the pitch, d the mean diameter of thread, and m the ratio of 

length of nut to mean diameter of thread f ^ Y the area of contact with the 
nut is — 
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Here we assume that only the upper half of the nut is in use. The normal 
thrust between nut and screw is about 20A^ lb. Hence if q is the safe 
bearing pressure we must have — 

i-^d^ = 20A2 

from which eP = —h^ = ^~; if 7/1 = 3 



rf= H + ^in (146) 



If y were constant for all sizes of screw and equal to 180 lb. per square inch, 

The law exhibited on diagram 184 from practical experience is 

h 
5 

for sizes up to 18-in. centres. 

For sizes above this the value allowed for the bearing pressure {q) may 
be greater. 

According to Osborne Reynolds, "Works," voL ii. p. 265, eqn. 35, the 
allowable load per unit area varies as the square of the smallest dimension. 
Hence, for a thread of 1-in. pitch the value of g should be 720 lb. per sq. in. if 
180 be correct for a thread of ^in. pitch. 

Hence. '^ = >' = tIo*" = £ 

ord«^ (147) 

The actual values are approximated to by linear law. 

'' = ili+2 (148) 

Showing that either a smaller bearing pressure is allowed as the diameter 
diminishes, even though the pitch remain the same ; or that the proportion of 
length to diameter of the nut is less as the size increases. 

A similar method of calculation to that employed for the stiffness of the 
feed shaft might be made use of for determining the diameter of the leading 
screw. The ratio of the force acting tangentically at mean thread diameter 
to the saddle reaction F is about 1 to 5 for ordinary pitches and diameters. 
The diameter is then found to increase as ^*, and the formula A = ^A^, which 
is obtjdned in this way, seems to agree tolerably well — for the smaller sizes, 
at all events — with the data of practice — see Fig. 176. 



CHAPTER XXXV 



SADDLES AND RESTS 



If the lathe is intended for plain shafting and similar work, the rest may 
consist of a simple pillar mounted on the saddle to support the tool. This 
class of work necessitates a movement of the tool in the longitudinal direction 
for operating on the circumference of the bar, and another in the transverse 
direction for facing the ends, etc. These motions (or feeds) — longitudinal or 
traversing, and transverse or surfacing — are generally self-acting ; the former 





Fig. 178. 



nearly always so as the work is usually long in proportion to the diameter, 
and the latter depending on whether the nature and amount of the work 
justifies the increased cost of its inclusion. It is necessary to provide hand 
adjustments in the above directions to permit of the tool being set to the 
proper cut or feed, and of finishing the work to definite dimensions, etc. The 
longitudinal hand feed may be obtained by means of a fine hand-traverse 
mechanism in the saddle apron, as already described, or by a supplementary 
slide parallel to the bed, and mounted on the saddle. The transverse adjust- 
ment is secured by a cross-slide on the saddle, upon which the tool rest is 
mounted. A simple rest of this description is frequently supplied with crank- 
shaft lathes for machining the crank pins and webs (Fig. 178). Here the 




Fig. 179. — American Rests fob Small and Medium Size Lathes. 




Fig. 191.— Rolleb Follower Rest (Lodge and Shipley). 
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compound rests are replaced by a pillar secured to the transverse slide on the 
crossways of the saddle by bolts fitted in the circular tee slot of the sUde. 
The pillar with the tool is thus free to occupy any position in the horizontal 
plane. This class of rest is extensively used in America, even on lathes 
adapted for screw-cutting. 

In the American design of simple rest (Fig. 179, a), the transverse slide is 
provided with a tee slot running parallel with the work, and in this is fitted 
a circular post having an adjustable ball-faced packing piece to carry the 
tool. The tool post or holder has a circular base to allow of it swivelling in 
the tee slot. This type of rest has the advantage of cheapness, being simple 
and easy to constnict ; and the increased rigidity due to the small number 
of joints permits of heavier cutting and a more accurate finish. 

In the engineering establishments of this country the work is generally 
of a very varied character, for which the above description of rest is 
unsuitable. 

In screw-cuttiug, for example, it is a practical impossibility to cut the 
full width and finish the thread of a moderately coarse-pitched screw at one 
setting of the tool. To secure the necessary finish the operator usually takes 
a cut down each side of the thread in succession, and more frequently than 
not the tool has to be reground after roughing out the thread. From what 
has been said in Chapter XXX 11. on screw-cutting, it will be apparent that a 
longitudinal adjustment to the tool cannot be made by the saddle hand-feed 
mechanism after the thread has once been started. The tool may, of course, 
be tapped by a hammer or the change wheels shifted, and the carriage 
advanced the required amount prior to the re-engagement of the wheels, but 
such methods are too crude and indefinite to be considered. 

In order, therefore, to pbtain the required adjustment for finishing the 
thread, after resetting the tool subsequent to grinding, etc., the rests must 
be fitted with a slide running parallel to the length of the bed or work. 
This slide is usually made of a fair length, and mounted on a circular base so 
that it may swivel on the incutting slide, which is provided with an annular 
tee slot and bolts for securing the slide thereto. It is thus particularly handy 
for boring either parallel or taper holes, turning up centres, or quick tapers 
which cannot be done by the former bar ; or which, if the number be few 
and of short length, may be done much more quickly by the slide than 
the bar. 

In addition to the above, many other conveniences are secured (obvious 
to those who have used a lathe) by the inclusion of the swivel slide in the 
rests of a general-purpose lathe. The increased handiness far outweighs the 
greater cost of the same, even in the smaller sizes of machines. In some of 
the larger lathes a self-acting, as well as a hand-feed, motion is fitted to the 
swivel slide. In these lai^ machines the weight of the rests is so great as 
to considerably affect the delicacy of the hand transverse adjustment ; and for 
this reason many are fitted with a supplementary slide immediately below 
the tool slide, as shown in the 32-in. lathe by Hulse (Fig. 180). 

The transverse ways on the saddle should be of such a length that the 
tool in the top rest can operate on the periphery of the largest diameter 
swung in the faceplate, and can travel across the face of same to the centre 
without disturbing the position of the tool. 
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All feeding screws should be iu tension for preference; of left-handed 
thread when the nuts move, and of right-handed when the screws move. 



Devices for the Vertical Adjustment and Clamping of the Tool 

It is generally agreed that for good cutting the point of the tool should 
be raised above the centre of the work. When the tool is in this position, a 
given amount of top-rake, or a given cutting angle, leaves the tool of stronger 
shape than when placed below the centre. It is also not so liable to draw 
the rest forward, and so cause the tool to "run in"; for the horizontal 
outward component of the cutting force is then greater, and tends to spring 
rest and tool away firom the job. 

The trouble occasioned by the tool running into the work and chattering 
is more frequently the outcome of frail and springy rests, loose slides, etc., 
than to the position of the tool. For this reason all slides should be fitted 
with looking pads. 

Packing strips are considered sufficiently good in this country for raising 
the tool to the proper position; whilst American makers provide wedge 
pieces, stepped washers, tilting rests, and the like. 

The ordinary American rest (Figs. 179, A, and 183) permits of the tool point 
beii^ raised ; but as the single binding screw bears only on one point, little 
or no security is afforded to the tenure of the tool. 

One of the best devices for adjusting the height of the tool is that of Lipe 
(Fig. 179, b), which consists of a circular-shanked tool holder let into a socket 
on the incutting slide, and locked to it by a split boss and tap screw. The 
tool is held squarely to the tool holder by two screws, and the whole can be 
bodily raised to the required position by another screw at the side. 

Tool holders of the types shown in Fig. 179, A, lack the rigidity of the 
clamping plates, and the general convenience of handling of the British and 
Continental rests. A more satisfactory method than the latter for large 
lathes, at all events, has not yet been found. 

It would appear to be advisable, however, in view of the number of tools 
and packing pieces to be stored away by the operator, for makers to adopt a 
standard dimension from the centre of the lathe to the top of the tool slide, 
for each size of machine. The number of steel sections to be kept in stock 
and the efficiency of the tool-room would thereby be increased. 

The design of compound rests, shown in Figs. 154 and 155 {ante), and the 
front and back rests for the 32-in. centre lathe, shown in Figs. 180 and 181, 
are representative of first-class British practice for small and heavy lathes. 
The corresponding continental practice by De Fries (Fig. 182) and Ernst 
Schiess (Fig. 168, ante) show a close agreement in design and proportions. 

These designs may be compared with that shown in Fig. 183 (see end of 
volume) by the Lodge and Shipley Company, of Cincinnati, U.S.A. It will 
be seen that even the best of American firms make their slides very light and 
narrow in comparison with similar-sized machines of European make. The 
base of the swivel slide, for example, of a 24-in. swing lathe (12-in. centres) 
of the former, is no greater than that of an 8-in. centre lathe of the latter. 
The holding-down bolts and width of other parts of the rests are in about the 
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thread when the nuts move, and of right-handed when ihe screws utyrt. 



Devices for the Vectical Adjustmest asd Ciampixg of the Tool 

It is generally agreed that for good cutting the point of the tool should 
be raised above the centre of the woik. When the tool is in this position, a 
given amount of top-rake, or a given cutting angle, leaves the tool of stronger 
shape than when placed below the centre. It is also not so liable to draw 
the rest forward, and so cause the tool to "run in"; for the horizontal 
outward component of the cutting force is then greater, and tends to spring 
rest and tool away from the job. 

The trouble occasioned by the tool running into the work and chattering 
is more frequently the outcome of frail and springy rests, loose slides, etc., 
than to the position of the tool For this reason all slides should be fitted 
with locking pads. 

Packing strips are considered sufiGiciently good in this country for raising 
the tool to the proper position; whilst American makers provide wedge 
pieces, stepped washers, tilting rests, and the like. 

The ordinary American rest (Figs. 179, A, and 183) permits of the tool point 
being raised ; but as the single binding screw bears only on one point, little 
or no security is afforded to the tenure of the tool. 

One of the best devices for adjusting the height of the tool is that of Lipe 
(Fig. 179, b), which consists of a ciroular-shanked tool holder let into a socket 
on the incutting slide, and locked to it by a split boss and tap screw. The 
tool is held squarely to the tool holder by two screws, and the whole can be 
bodily raised to the required position by another screw at the side. 

Tool holders of the types shown in Fig. 179, A, lack the rigidity of the 
clamping plates, and tiie general convenience of handling of the British and 
Continental rests. A more satisfactory method than the latter for lanre 
lathes, at all events, has not yet been found. ^^ 
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same proportion, so that the tool has very little chance of being rigidly held. 
Again, the rectangular tee slot for the reception of the tool holder in the 
American compound rest runs across the top slide at right angles to the ways 
of same. In order, therefore, that the tool and holder may not be pushed 
out, the operator brings the swivel slide round so that the slot is running 
in the same direction as the bed or work. This, however, robs him of the 
longitudinal screw adjustment by hand, and of the advantages of the com- 
pound rest, and he has two transverse movements (one being redundant), as 
the top slide then feeds in the same direction as the bottom or incutting slide ; 
whilst the handles (which are fixed to the screws) usually foul each other. 

A^usting Strips for Wear. — If chattering is to be avoided, it is clear that 
whatever form of strip be adopted to compensate for wear, it must not impair 
the rigidity of the rest. Briefly stated, after the adjustment has been effected 




Pig. 182.— Compound Rests (De Fries). 

the strip or wedge must be solidly bolted to the slide, so that it becomes 
practically part of it. The usual arrangement of the slides is such that the 
thrust is taken by the solid strip, and acts normally to it, so that the force is 
distributed along the face. In the rests vee strips are generally employed, 
whilst between the saddle and bed vee and rectangular strips are both used ; 
the former principally on small, and the latter on large lathes. A variety of 
such strips are shown in Figs. 184 and 185. 

As already mentioned, the thrust is usually taken on the solid vee, which 
brings the fitted strips to the front and right-hand side of the rests, where the 
adjusting screws are always accessible (see Fig. 184). 

The form of vee strip most commonly used in this country is that shown 
at (A), where the strip is supported by vertical screws, and the adjustment 
effected by the horizontal screws only. Occasionally the latter are not readily 
got at, as in the saddle strip, for example ; in that case the form (B) is 
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frequently employed. GreneraUy there is a considerable tilting action on the 
slides, which puts the vertical screws in tension, and they have not, therefore, 
the rigidity of those shown at (C), (D), or (E), where a metal-to-metal fit is 
secured. In order that the strips (C) and (D) may travel with the rests, they 
should be connected by a dowel pin ; or the end of one of the pinching screws 
may be turned down to the bottom of the thread, and made to enter a recess 




Fig. 184. 



in the strip. The design (£), although not quite up to the standard of the 
preceding examples, is an effective strip, and is to be preferred to some 
forms which have been adopted in cases when room was scanty. The vee 
wedge (F) forms a most substantial strip — affording a bearing solid with the 
rest, the entire length of the same. More nearly than any of the above 
it becomes essentially part of the rest ; but it must be properly fitted to 
commence with. Should it only bear at the ends or centre, a wobbling or 
rocking movement will result, for the adjustment is effected by moving the 
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strip bodily lengthwise. This type, however, lacks the flexibility of the 
ordinary vee strip with the side adjustment, in that should the wear be greater 
at one end of the slide than at the other — as there is a tendency to do owing 
to the twisting action on the same — a variable compensation to suit cannot 
be made. The same objection might be raised to the rectangular wedge strip 
(G) ; but, judging by the frequency with which it ia used, particularly between 
the bed and the saddle, such objection does not appear to be serious. The 
same class of strip is also used between the under side of the bedway and 




Fia. 186. 



saddle to hold the latter down. More commonly, however, a plain rectangular 
strip is used, as shown at (G), as the wear in this direction is comparatively 
smalL In the larger sizes of lathe, the length of the saddle becomes so great 
as to render the fitting and adjusting of the strips more diflBcult. As a 
consequence independent rectangular strips are much used to effect these 
adjustments. Many makers, however, use a plaiu tee or ell strip for this 
duty. Of these the ell strip, as shown at (H), is the more commonly 
employed. 

In Figs. 186 and 187 we present graphs of the proportions of the various 
parts of the slide rests. Fig. 186 gives those for lathes from 6-in. to 12-in. 
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centrefl, whilst Fig, 187 shows the data for sizes from 12 iiL to 48 in. The 
actual values plotted upon which these curves are based have been collected 
from the most recent practice. They apply equally to lathes for carbon steel 
or for high-speed steel. 

The equations to the various graphs have been determined, and are given 
in Table LIX., herewitL 

The sizes of the tool steel used in practice appear to follow a law 

T = ^^ + i in. As already mentioned, we should prefer to recommend the 
following values : — 



For ;i = 6 to 9 in. 
T = 1 in. 



9 to 12 in. 
liin. 



12 to 15 in. 
l}in. 



15 to 18 in. 
11 in. 



21 to 27 in. 
2iin. 



so to 48 in. 
Sin. 



which would reduce the number of stock sections of tool steel to be main- 
tained in shop, for the supply of a large number of lathes of various sizes. 



TABLE UX 
Proportions of Compound Slids-rosts for Lathes. 



Dia. of screw in top rest — 

„ „ swivel slide 0*08% + fin. 

,, ,, saddle 0-05% + {in. 

„ ,, clampingbolts 0-025% + { in. 





LAth«8 up to la-tD. centres 
(Tlg.l86X 


LathAB from IS- to M-ln. eenttM 




(Fig. 187). 


A 


% + Jin. 
2-6V% 


0-81% + 6 in. 


B 


2-75V% 





0-6h + i in. 


0-167% + 4 in. 


D 


0068% + i in. 


0042% + J in. 


£ 


0-167% + I in. 


0-088% + 1J in. 


P 


1-75% 


0-5% + 16 in. 


G 


0-5% + 1 in. 


0-25% up to SO-in. centres 


H 


% + Jin. 


4V% 


I 


0-22% + } in. 


0-22% + Jin. 


J 


0-8% 


8-2V% 


E 


00625% + fin. 


0-0625% + fin. 


L 


8-5V% 


8-5\/% 


M 


% + 3in. 


4-5V% 


N 


— 


0-884% + 6 in. 





— 


0167% + 6 in. 


P 


— 


0-042% + I in. 


B 


— 


0-884% + 8 in. 


S 


0-22% + i in. 


V% 


T 


0068% + i in. 


0-05% + 1 in. 



0-02% + {in. I 
0-08% + fin. \ 
0-05% + fin. 
0025% + fin. 



Solid sorewB in 
tension. 



CHAPTER XXXVI 



STEADY RESTS 



Travelling and Fixed Stays. — ^When the work is small in diameter and com- 
paratively long, it is necessary to have a support to the same in addition to 
that provided by the fast and loose headstock. The work may be of such 
a springy character as to necessitate a support immediately above and behind 
the tool. For this purpose a stay, mounted on the saddle, and travelling 
with it, is usually supplied. The unstayed portions of the work between the 
tool and the centres, if unsupported, may also sag, and set up a whirling 
action which tends to throw the work out of the centres, and to induce 
vibration in the machine. In that case, one or more stays fixed to the bed 
at intervals along the work are required. Again, when work rotated in the 




Pig. 188.— Travelling Stay (Lang). 



faceplate has to be drilled or bored, the loose headstock is not available as 
a support. It is often then employed in feeding the drill or bit forward. A 
fixed stay is then requisitioned to uphold the job, in order that the overhang 
may be reduced and the required rigidity secured. When the job is black 
or rough it is impossible to make it run truly in the support, A round muff 
is therefore slipped over and held fast to it by pinching screws, so that the 
muflf carrying the work and running centrally then rotates in the stay. 

The primary function of the stay is to provide a substantial support to 
the work ; but it must also be capable of ready adjustment to suit varying 
diameters, and of moving clear of the work altogether to permit of its being 
withdrawn without disturbing the setting. This is particularly necessary 
for rapid production and repetition work. 
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An early design of fixed and travelling stay, and one still largely used, 
consisted of a cast-iron stand having a base to suit the bed ways when fixed. 




Fig. 189.—FIXED Stat (Bichabds). 

and the saddle ways when travelling. The saddle wings were occasionally 
provided with tee slots (a practice which is continued on the Continent), 
upon which the travelling stay was fixed. An arm bolted to the stand, and 
fitted with two half bushes of hard wood (sometimes these were lined with 
tin or sheet metal), held in place by a cap, received the work. A similar 




FiQ. 190.— Screwing Stat. 



device is shown by Fig. 188. This form of stay may no doubt be advan- 
tageously used on parallel shafts, etc. ; but it is quite unsuitable for stepped 
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work, as the bushes have to be changed for practically every diameter. The 
tendency of the bushes to misplacement, and the amount of time spent in 






I 



looking for them, as well as the lack of convenient adjustment, are serious 
drawbacks to this design. 

A more commendable form is shown in Fig. 189, a, where the work is 
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supported on three adjustable hardened steel jaws fitted in the radial slots of 
the stand and hood. Each jaw is thrust forward by a set screw acting on its 
end, and is locked when in position by another screw which fits the slot in 
the centre of the same. The hood carrying the top jaw is hinged at the right 
hand, whilst at the opposite side a hook bolt or stirrup piece is provided to 
hold this section in position. The jaws are occasionally made of round steel, 
and slide in circular guides as shown in Fig. 189, b. This forms a most 
substantial rest and is very cheap to manufacture. 

With this design of stay the hood can be thrown back, to allow of the 
work being removed ; or it can be brought into place again without disturbing 
the setting. Although the example shown in the figure represents a fixed, 
or stationary support, the same design may also be used for travelling ; the 
wings of the saddle being then prepared to receive it. In that case, however, 
the stay is at some distance from the tool, and very often in the way of the 
swivel slide ; or it may necessitate a larger overhang of the tool than is 
dedirable. 

An excellent example of a three-jaw travelling rest is shown in Fig. 161 
(see end of book), where it is mounted on the transverse ways of the saddle. 
The position of the jaws has been altered and the stay being open at the 
front does not in any way obstruct the slide rests. The hinged hood is 
retained and the position of the locking bolts to same ensures a most rigid 
support. 

Another type of travelling stay much used for screw-cutting work is 
shown by Fig. 190; and consists of a stand with two adjustable studs, 
hardened at the ends, upon which the job bears. 

An original design of a follower rest is shown in !l^. 191 (see end of 
book). It is especially convenient when turning work having a number of 
shoulders on it. 

Two jaws carrying hardened-steel rollers move in and out in a circular 
path, being actuated by a worm and knob. When set in any position, they 
are adapted for a variety of diameters by simply moving the entire stay 
backward or forward. This is accomplished by connecting the stay to a screw 
which telescopes through the regular cross-feed screw, and is operated by the 
same hand wheel which sets the tool rest. The position of the rollers is such 
that in approaching a shoulder they support the shaft upon the smaller 
diameter, until the cutting tool has turned a portion of the next larger 
diameter, when the position of the rest is changed to bear on that portion. 

Fig. 192 presents another form of roller stay for heavy work, by Messrs. 
Hulse. The two top rollers are placed above the centre, and are carried by 
a sleeve, adjusted by screws mounted in the uprights. The uprights are 
stepped to receive the bottom rollers, and are simultaneously moved in or 
out by the right- and left-handed screw in the bottom slide. For the class 
of work mentioned this forms a first-class stay. 



CHAPTER XXXVII 

LOOSE HEADSTOCKS 

The function of the loose headstock is twofold. In addition to providing 
a support to the end of the job it must be capable of a delicate adjustment to 
compensate for the variation in the length of the work, which is occasioned 
by rise of temperature. The longitudinal movement is also required for 
setting up the work ; and, as previously mentioned, for feeding a drill or bit 
forward when drilling or boring. For this reason it is usually fitted with a 
non-rotating spindle, which is advanced or withdrawn by means of a screw 
and nut, and locked whilst in position by suitable means. The work, there- 
fore, rotates on a dead centre. The fast headstock centre, on the other hand, 
rotates with the work, and there is do relative rubbing between them. 

It is believed that work produced on live centres is less accurate than on 
dead centres, as in the case of grinding machine and axle- turning lathes. In 
the former the rubbing speed is high ; but the force exerted on the work and 
centres is comparatively small. In the latter case the work is of short length 
and stiff, being rigidly held at the middle. This considerably reduces the 
force that would otherwise come on the centres. Expansion, due to change 
of temperature, in this case is also almost negligible, as the axle is only 
machined for a short distance at each end. 

In grinding machines a strong spiral spring is fitted at the back of the 
headstock spindle, or some equivalent means is provided to allow for any 
change of length. 

The use of a fixed centre allows of a minimum side play, and it is there- 
fore possible to obtain more accurate work with it than with a live centre. 
On the other hand, the small bearing surface of the work upon the fixed 
centre with its accompanying high bearing pressure, notwithstanding its 
relatively small rubbing speed, frequently causes seizing. This is only 
prevented by the constant attention of the operator. 

Several schemes have accordingly been devised for rotating the loose 
headstock centre with the work. In some cases the centre and spindle 
rotate together, as in the wheel lathe. In other cases, again, the centre is 
mounted in a ball race fixed in the non-rotating spindle. The former is the more 
reliable, but the expense of its manufacture is against its general adoption. 

The reason for its introduction in the case cited is that the power would 
otherwise require to be transmitted through the axle to the wheel at the loose 
headstock. As, however, the cuts are usually heavy, and beyond the trans- 
mitting capacity of the axle, a faceplate is mounted on each headstock, and 
motion simultaneously communicated to those, so that the axle is unstrained. 
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A certain small amount of side-play is unavoidable in ball bearings, and this 
has been against their adoption for journals. The same defect appears also 
in the designs of centres so mounted. Even in comparatively small lathes, 
the ball-bearing centre has not proved sufBoiently successful to be generally 
adopted. One firm (Tangye; see the Engineer Supplement for November 
4, 1904) tried a cup centre of 60^, into which was placed a ball, and which 
also partially entered the recess in the work. With light work the ball went 
round with the work, and proved fairly satisfactory; but when tried with 
heavy work the ball stuck fast, and soon began to heat up. 

Few people appear to recognize that much of the trouble attributed to the 
dead centre is due to the increased thrust which is brought upon the same by 
the expansion of the work. When the job is put between the centres, they are 
jammed hard up, and a subsequent expansion of the work therefore increases 
the load on the thrust bearing of the fast headstock and upon the dead 
centre. Now, there appears to be no reason why a chuck should not be 
freely mounted on the barrel nose, so that it would rotate and be driven by 
the work. If the thrust bearing in the fast headstock be properly designed 
and constructed, there is no objection to the above chuck having a little end 
play to allow for expansion. 

This may be objected to on account of the limited bearing surface afforded, 
or the large overhang necessary to obtain the desired surface. This in turn 
might be easily overcome by providing a sleeve free to rotate in the barrel of 
the head and the chuck mounted in the end thereof. To support the work 
whilst the end of the job, and that part occupied by the jaws of the chuck, 
are being machined, the ordinary non-rotating and adjustable spindle carrying 
the centre could be fitted within the rotating sleeve, and be brought into 
use for this purpose, and also for centering. The centre spindle would then 
be capable of advancing in the ordinary way to allow for feeding drills, 
etc. The sleeve and centre spindle in the above arrangement would be 
practically identical to that employed in the ordinary drilling machine. 

Kegarding locking devices to the spindle, several designs are shown in 
the accompanying figures. It is necessary that, if the work is to be held 
rigidly, there must be no spring of the spindle, and all split-cone or lug- 
locking arrangements are unsuitable for the purpose. The remarks made 
upon the use of the split cone for the fast headstock spindle apply equally in 
this case. 

The spindle must be a good fit in the barrel (i.e, ground into place) to 
begin with, and locked by a screw and pad. 

The holding-down bolts should be short, so as to diminish as much 
as possible the lift due to stretching, and placed as far apart as may be, both 
lengthwise and crosswise, to prevent tilting. 

To secure a more powerful nipping action, the screwed ends of the 
holding-down bolts should be made considerably larger in diameter than the 
body of the bolt (the latter being, of course, maintained of the size now 
usually fitted, say, 8 = J\A), screwed with a fine thread and fitted with a' 
deep nut. In this way the steel bolts could be stressed nearly to the elastic 
limit when screwing up, and the additional load afterwards imposed on them 
by the cutting force would have an inappreciable effect in lengthening them. 
The loose headstock would then be so firmly held to the bed that other 
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mechanical means, such as the pawl and rack, for preventing it from slippiog 
back would probably be unnecessary. 

An exhaustive cUscussion of the straining actions induced in the mandrel 
of the loose headstock would lead us to very complex expressions, which 
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would be practically valueless; but the following simple treatment gives 
formulsB agreeing remarkably well with practice. 

When the thrust due to the cut, F = -wtt^r = '^ tons, is acting near the 

04UU d4 

loose headstock, let the overhang be Zi = \/h. The length of the barrel 
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being about 8v/A (vide, Fig. 193), the distance to the point of application of 
the reaction Q from the barrel end B will be (about) J^ = 7\/A. 

The deflections of the mandrel at the places where F and Q act will be 
given by — 

81 =11^ and 82=^ respectively . . . . (149) 
Now FZi = QZ2 /. 82 = ^' 

The absolute amount of deflection allowable at Q will depend on the 
original fit of the mandrel in the barrel, and the slackness of the fit will be 
about proportional to the diameter of the mandrel. We may therefore take 
82 = cD where D is the mandrel diameter. With E = 12,000 tons per 

square inch, and I = -x-^ we obtain 

h^Xy/hx Qy/hf X 64 
64 X 8 X 12,000 X irD* 

^ 49 , 5 

^^ ^ "" 64 X 8 X 12,000c7r 

or D = KAO-7 (150) 

With K = 0*5 for carbon steel, and K.= 0*6 for high-speed steel lathes, 
we obtain the curves shown on Fig. 193. 

The deflection which this method of calculation, applied to the practically 
obtained data, and found to agree therewith,^allows is about yoo^^ ^^ ^^ 
diameter of the spindle. 

Fig. 193 is the result of the compilation from practice of the various 
principal dimensions of loose headstocks. Fair curves have been drawn 
through these, and the equations to these are given in the Table LX. below. 

TABLE LX 
Proportions of Loose Headstocks 



Dimension on figure. 



A 
B 

d 
d 
D 



YalaeintermsofA. 



l-2bh + 2} 

h 

0*571*'' (for carbon steel lathes) 

0'6h^'^ (for high-speed steel lathes) 

0-812fc + lin. 
52^ (for lathes up to 16-in. centres) 
i S^h (for lathes above IG-in. centres) 



Dia. of holding-down bolts ) V)t 

I 6 in. to 12 in. ' 12 in. to 24 in. l 24 in. to 36 in. I above 86 in. 
Number of bolts { 2 | 4 | 6 | 8 

Loose Headstocks fob Small Lathes 

A good example of a modern design of headstock for a small lathe by 
Greenwood and Batley, Ltd., is shown in Fig. 194. Here the headstock is 
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arranged for taper turning. The bottom plate fits between the shears, and is 
furnished with a fixed nut, which receives the cross-adjusting screw in the 
headstock proper. The latter is checked into the bottom plate to prevent 
longitudinal movement, and the whole is bodily held to the bed by the two 
holding-down bolts which pass through the elongated slots in the bottom 
plate to the clamping plate. A plug is provided for locating the true central 
position of the headstock. The adjustable spindle is hollow, and fitted with 
a gun-metal nut to receive the actuating screw, and is locked when in 
position by a bolt and split-lug device. 

Another example for the same size of lathe, also fitted with taper attach- 
ment, is shown by Fig. 195. It is by John Lang and Son. The centre bolt 
binds the plate and headstock together, whilst the front and back bolts lock 
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Fig. 194. — 8}-in. Centre Lathe Loose Headstock (Greenwood and Batley). 

the headstock through the long clamping plate to the bed. This arrangement 
allows the headstock to be moved along the ways without disturbing it 
when set. 

The sole plate is made to fit on the top back surface, and on the vertical 
and slant faces of the inside surface of the bed, but is just free of the latter 
top surface. Since the saddle does not bear on any of these parts, the align- 
ment of the centre is not disturbed by wear due to the saddle. The mandrel 
and screw are in one piece, and the top of the screwed part is made to fit the 
barrel, the object being to obtain a length of bearing equal to the full length 
of the barrel even when the spindle projects a considerable distance. 

Unless the spindle is made of a correspondingly larger diameter, this 
advantage will not be realized, however ; for the amount of slack originally 
necessary will permit of deflection taking place within the barrel, and the 
spindle will bear on the barrel not very far from the front end. 



Sellers' Loose Headstock 

In the loose headstock shown in Fig. 196, by William Sellers and Co., the 
spindle is advanced in the usual way by the hand wheel and screw; but 
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the locking device to this spindle is obtained through the concentric split 
cones A and B. The rear of cone A is threaded to receive the combined nut 
and sleeve, and a handle fitted to the sleeve rotates the nut, which thrusts 
against the reverse split cone B, free on A, thereby thrusting it against the 
barrel, and concentrically locking the spindle at two places, viz. the end and 
middle of the barrel. When unlocking, the nut thrusts against the screw- 




FiG. 196.— Loose Hbadbtogk (Sbllebs). 

thrust block, and pushes A forward. The headstock is gripped to the bed by 
four bolts and a clamp plate the full length of the base. The bolts, on being 
tightened, pull the clamp plate up the inclined surface beneath the back 
way of the bed, whilst a vertical face on the clamp plate bears against the 
headstock base, thus forcing it against the vertical face on the bed, and 
preserving the vertical alignment of the head. 

An old, and what appears to be a 
very suitable locking device is shown in 
Fig. 197. 

Here two hollow cylinders are pulled 
hard against the spindle. The backward 
thrust is relieved by nipping the mandrel 
between these cylinders and the top of 
the barrel 

It is difficult to know why this 
device should have been discarded for 
the split-lug arrangement now so com- 
monly in vogue. If the mandrel is a 
slack fit in the barrel, it will be pushed 
out of centre by this arrangement ; but 
there is no reason why this slackness of 

fit should exist. In the ordinary split-barrel gripping device the positions 
of the contact arcs of the barrel upon the mandrel altogether depend upon the 
shape of the former, and it by no means follows the process of nipping up a 
split barrel leaves the alignment of the mandrel unaltered. 




FiQ. 197.— Locking device. 
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Loose Headstocks for Large Lathes 

In the case of large lathes, no such splitting of the barrel is admissible. 
When the forces due to cutting become great, the resulting stretching of the 
nipping screw increases so much as to allow of the alignment being vitiated, 
and chattering ensues. 

Fig. 198 shows a modern loose headstock for a 32-in. lathe by Messrs. 
Hulse. This headstock is fitted with a spindle 8-in. diameter, which can be 
quickly advanced or withdrawn by a hand wheel on the screw. A worm 
wheel is also keyed to the screw for finer adjustment and more powerful 
feed. This wheel is covered by a guard, and is combined with the thrust 
block. The worm can be quickly withdrawn, and runs in an oil bath. A 
rack situated within the bed, and pinions carried by the head, are employed 
for shifting the head along the bed. The headstock is held to the bed by 
serrated mild steel plates and eight l^-in. bolts. 

A loose headstock for a 1500 mm. (60 in.) centre lathe has already been 
illustrated (Fig. 168 ; see end of book). It can be set over for taper turning, 
and is fitted with a spindle 225 mm. (9 in.) diameter by 1780 mm. (75 in.) 
in length. The adjustment to the spindle is made by a hand wheel placed at 
the front of the headstock, and suitable mitre and spur wheels. By having 
the hand wheel placed thus instead of at the rear of the headstock, the 
operator has the centre more immediately in view when setting up the work. 

The headstock has a support on all four ways of the bed, and is bolted to 
it by eight 60 mm. (2 in.) bolts. A positive locking device, consisting of a 
pawl and rack fitted to the bed, prevents it slipping back whilst cutting. 
This headstock can also be traversed along the bed by means of a hand 
wheel at the rear, a quadruple threaded worm which gears with a 30-toothed 
wheel, and a pinion which meshes with a vertical rack at the centre of the 
bed. To facilitate hand traversing, four rollers — two at the front and two at 
the rear — are mounted excentrically in the headstock base, and can be 
quickly put in or out of action. 
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LATHE BEDS 



The forms of section of bed most usually employed in this country — when 
with two ways only — ^are shown by Nos. 208, 209, and 210. 








/ 
/ 



Large lathes / 



^ ...... ^ c ^ — -: ^ 



No. 208 is used for lathes from 6-in. to 18-in. centre. 
No. 209 „ „ „ 18-in. to 30-in. „ 

No. 210 „ „ „ 30-in. upwards. 

The chief or fundamental dimensions of the sections, as indicated by the 
letters on these three figures, have been plotted in Fig. 230 on a base 
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of height of centrea The following expressions have been deduced from this 
figure, and give the relations of these principal sizes to the size of the lathe. 

A = 1-875A to 2A. 

C = 1-5A. / 

D = 1-5A + %\/\. 

E=*+Jin. 

F = |A - 2 in. 

G = J\/& if one web per side. 

G = \\/h, if two webs per side (t .6. inverted U). 

These roles are applicable for lathes below 36-in. centres, and with two 
ways only. 

Proportion of Beds for Lathes up 
to 48'in. Centres 
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Fig. 280. 



The figures throughout give transverse sections of the beds as seen from 
the fast headstock end, so that the front of the machine is at the right hand 
of the figure. 

Form of Guiding Surfaces. — In most lathes of British design the top 
surfaces of the ways are flat — vide Nos. 208 to 223. For the side guides, 
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inclined surfaces upon both the back and front edges of the bed have 
been employed for all sizes of machine— vide No. 208 (1) and (2). The 
inclined guiding surface on the edge of the bed was found to be a very 
convenient form, as the backward thrust of the tool had the effect of pulling 
the saddle to the bed. Similarly, a simultaneous downward and forward 
adjustment was effected by pinching up the vee strip, usually placed at the 
front of the saddle. An objection has been raised to the back inclined 
surface on account of the horizontal outward force on the tool producing a 
jamming tendency between the saddle and the bed. As a consequence, many 
lathes are fitted with a flat surface at the back to take the thrust, whilst the 
vee strip at the front is retained for adjustment. 

The placing of these guiding surfaces on the extreme outside ways, and 
not upon the front way only, no doubt tended to economy in construction, 
and certainly secured the saddle against tilting. When the guiding surfaces 
are confined to the front way only, an additional machined surface, preferably 
on the underside of the back way, is necessary to receive the strip which 
prevents such tilting. This adds to the cost, but the guiding on the front ' 
way only enables the saddle to move in closer contact with its guide — and so j 
reduces the tendency to cross-wind — ^than it can do when the saddle spans | 
across two or more ways. j 

In the latter case the amount of tightening required to produce the same | 
effect would spring the sheers, and so destroy the alignment. It is obvious 
that the amount of cross-wind which is possible in a saddle of given length . 
depends upon the closeness of its fit upon the bed. If the amount of tight- | 
ness necessary to prevent bad cross-winding is sufficient to spring the sheers j 
together, it is clear that a certain amount of binding of the saddle cannot be ! 
prevented when it spans more than one way. It is possible, however, by ! 
improving the design of section of bed, to avoid this improper springing, 
and yet to retain the saddle guiding ways on the outer edges of the two 
outside sheers. This is explained below. 

Cross-wind. — The amount of cross-wind which can accompany a given 
easiness of fit of the saddle upon its guiding edge diminishes as its length 
increases, and it is only on the ground that the saddle can be made longer 
when it is guided on the front way only that the narrow guide is to be pre- 
ferred. With a serious amount of cross-wind, the contact between saddle and 
bed-edges is restricted to so small a space next the two opposite corners that 
the oil film is squeezed out, and the frictional resistance to the sliding feed 
motion is largely increased. 

The amount of cross-wind, or the value of the angle which the edge of the 
saddle makes with the edge of the bed, does not depend, as is frequently 
stated, upon the ratio of length to breadth of the saddle, but only upon its 
Ungih, This may be proved as follows (Fig. 231) : — 

Let a saddle be of length I and breadth h, and let the slack be dx. When * 
cross-wind takes place, K moves to N, and the angle of cross-wind is obviously 

KMN = a, say. Now, the circular measure of a is =^ ; and since a is \%r\ 

small, KN is at right angles to ME, and the triangle EON is similar to 
EAM. 
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Fig. 281. 

Thus it is clear that to prevent too highly localized a pressure in the oil 
film between the edges of bed and saddle — in other words, to prevent undue 
cross-wind, it is necessary to make it long ; but nothing is gained, from this 
point of view, by increasing the ratio of length to width merely. The length 
itself must be increased in order to secure a diminution of the angle of cross- 
wind which will accompany a given amount of slack. 
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It has been claimed by makers of the narrow-way type of bed that a great 
diminution of the power required to drive the saddle is effected by reason of 
the reduction of the moment of the frictional resistances caused by the pres- 
sures against the guiding edges which this type produces. 

There is a small reduction ; but that it is so small as to be practically 
negligible can easily be shown as follows : — 

T 
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Fig. 232 shows the two types of saddle in plan — the narrow type full, the 
wide dotted ; and the forces shown are those with which the bed acts upon 
the saddle. Assuming for simplicity that the centre line of the rack coincides 
with the vertical plane of the fix)nt edge of the bed — the driving force acting 
in that plane being Fi or Fa— and taking moments about O, we have for — 

The wide type — 

Tr + /uUi6i = UiZ 

Tr 
/. Ui = 



/ - fiii 



The narrow type — 



Tr + /iUA = UaZ 
Tr 

Assume &i == Z, &a = j^qZ, r = 62, and /u = ^, 
Then, for the wider type — 

Also Fi = T + 2;,Ux = T + i X ,8oT = 1-286T 

For the narrow type — 

Fa = T + 2;iUa = T + J X ^T = 1-253T 

Thus Fa is about 21^ per cent, less than Fi ; or the driving force for the 
narrow way is only 2 J per cent less than for the wide-way type. We see, 
then, that the narrow-way type of bed retains but one single material advan- 
tage over the wide-way type of the same length — that, viz., it obviates the 
tendency with the latter of the sheers to spring together, which is caused by 
the tightening up of the taper strips on the edges. 

When it is remembered that this springing, which is usually attendant 
upon the wide-way type as ordinarily designed, may be entirely avoided by 
using a properly diaped section of bed ; that an extra facing has to be pro- 
vided at the back of the bed to prevent the saddle from tilting with a narrow- 
way guide ; and that a side spring of the top flange of the front bed-girder 
due to the backward thrust of the tool is difficult to avoid with the latter 
type, owing to its being naturally weak for resisting such twisting, the 
utility of the narrow-guide type of bed as against the wide-guide type, when 
properly designed and proportioned, may be seriously called in question ; and, 
indeed, the balance of advantage, whether for economy, accuracy, or dura- 
bility, will be found by the impartial investigator to be entirely against it. 

Wear of Edge-guides. — In how many ways soever the saddle-guiding 
surface may have been constructed, their designs seem without exception to 
err in one respect. The area of the edge mrfa^iee — whether inclined or vertical 
— has been made far too small. 

Our lathe dynamometer experiments have shown that the backward thrust 
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of the saddle against its edge guide is about half of the downward force 
which presses the saddle upon the top of the bed — or that the surfacing force 
is one-half of the vertical force. It therefore follows that the edge-guide area 
should be half of the top-guide area. This is not, and never has been, carried 
out in practice. Either, then, the top-guide area is too large, or the edge- 
guide area is too small. 

The large area usually provided for the top guides has no doubt been due 
to the great flat tops of the I-section girders forming the bed, which were 
available ; but, even if the top-guide surface has been greater than was neces- 
sary to prevent wear, it seems clear that the area provided for edge-guiding 
has been universally made too small. Hence the need for tapered strips and 
other arrangements for taking up edge wear. 

If a suitably large area can be provided on the edge guide — as, «.^., in the 
manner suggested below — there seems no reason why provision for adjustment 
shovid he necessary for the edge guides any vwre than it is for the top guides ! 
It would, however, be essential that the overhanging knee of the saddle should 
be thoroughly rigid, otherwise the extra surface for edge guiding would not 
really be available. 

biverted Tee Guide Ways. — Much has been written concerning the 
relative merits of the inverted vee and the flat top designs for the guiding 
surfaces of lathe beds. The former is an early type of bed discarded in this 
country and often called the " American bed." Some of the leading conti- 
nental makers employ the former type for small lathes, and the latter type 
for the larger sizes. Others, again, adopt a combination of both, or use flat 
surfaces only. With the exception of Wm. Sellers and Co. (see Fig. 160, 
ante) the inverted vee is as exclusively used in America as the flat way is in 
Britain. 

Before discussing the subject it may be well briefly to state the principal 
arguments advanced for and against each type. 

The advantages claimed for the inverted vee are as follows : — 

(a) The vertically downward force on the tool due to the cut, together 
with the weight of the saddle and rests, hold the saddle to the ways and 
compel it to follow the same. The saddle is thus provided with an auto- 
matic adjustment ; cross-winding is prevented, and side strips are rendered 
unnecessary. 

(b) Any irregularity or inequality of wear throughout the length of the 
bed does not affect the force necessary to move the saddle or the uniformity 
of motion of the same owing to its being free to adapt itself to the bed, and 
the saddle is therefore much easier to move. 

(c) The diameter of the work is not appreciably affected by the inequality 
of wear in the length of the bed, as such wear takes place mostly in a verti- 
cally downward direction. 

(d) The inclination of the surfaces renders them less liable to injury by 
chips, metal particles, resting of tool, or being used as an anvil. 

(e) The operator cannot sit on it. 

In considering these supposed advantages, it must be premised that it is 
quite impossible for all four of the vee surfaces of the saddle to fit closely 
upon their mates upon the bed. Even if they are made to do so by careful 
scraping when new, the unequal temperatures assumed by bed and saddle 
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when the lathe is at work will immediately destroy the uniformity of fit. 
By leaving the inside surfaces of two vees clear of each other, the elongation 
of the saddle when — as usual — it becomes warmer than the bed will no doubt 
be compensated for by the dropping of the saddle so as to remain tight upon 
the two outside surfaces. But in that case the insides of the vees serve no 
useful purpose. This action, whether taking place as the result of tempera- 
ture variation, or of actual wear of the surfaces, is, no doubt, what is referred 
to as an "automatic adjustment, rendering side strips unnecessary." 

An adjustment for wear, whether automatic or not, is indeed highly 
necessary with the design of inverted vee guiding surfaces. It is easy to 
prove mathematically that wear must take place at about ten to twelve times 
the rate with the inverted vee guides that it will with flat top guides. 

It will therefore be very necessary that — according to argument (5) — the 
vee type of saddle should be " free to adapt itself to its bed " ! 

The wear due to the backward push of the tool will also be at least as 
great in the case of inverted vees as for the inclined edge guides of the flat 
top design, so that the advantage obtained by reason of argument {c) is by no 
means obvious. 

With regard to the advantages claimed under (rf), it may be remarked 
that, whatever the type of bed may be, there is always a liability to scoring 
due to chips falling on the bed and getting between the same and the saddle. 
But fitting felt pads on the saddle (Fig. 157, ante) so that one may clear 
away the cutting whilst another immediately behind oils the way, will satis- 
factorily overcome the difficulty. These pads should be easily removed and 
replaced for cleaning purposes, and should be fitted with a spring so that 
they may be made to bear continually on the bed. Devices other than 
this have been tried, but not with the same degree of success or of general 
application. 

The only valid argument in favour of inverted vees is, in our opinion, that 
advanced under (c), viz. that the operator cannot sit upon them ! It occurs to 
us, however, to suggest that this might be obviated in the case of flat top 
guides by supplying wooden boards armed with Swedish nails inverted, and 
insisting upon their being kept upon the flat bed. 

Taken all in all, inverted vees appear to us to be one of the crudest and 
most imperfect devices yet applied to machine tools. Presumably they are 
cheaper to manufacture than a properly designed bed with flat top-ways and 
inclined edge- ways fitted with strips ; and if this be so it is the only recom- 
mendation they possess. 

They ought never to be used for any but the lightest and cheapest lathes, 
such as brass finishers', wood turners', or such-like machines. 

To substantiate this indictment it is, indeed, only necessary to state the 
case in favour of the flat top bed. Its advantages over the inverted vee type 
are — 

(1) It has an abundance of bearing surface, and the wear is consequently 
so small that it need not be trued up once in ten years of hard service. 
Since, therefore, no irregularities are produced by wear, there is no need of 
" automatic adjustment of the saddle to bed." 

(2) The saddle is well supported all across the bed. It may, therefore, be 
thinner than the vee type saddle for a given rigidity, and will therefore allow 
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of a larger diameter of " swing." The latter type of saddle is inherently bad 
from the point of view of stiffness. 

(3) The side wear is less upon the inclined edge of the flat top design than 
upon the inverted vees, because, first, the available area to resist wear is twice 
as great for the former as for the latter ; and, secondly, the inclined edge is 
not subject to the wear due to the vertical forces, as the inverted vees are. 

(4) The oil is less liable to be squeezed out of the flat guides than out of 
the vees, because the pressure per square inch is not nearly so great in the 
former case. 

As we have already pointed out, lighter cuts are generally called for in 
American practice than in British ; and these light cuts are in America taken 
with a flne traverse, and consequently at a high cutting speed. It need 
scarcely be pointed out that, since the publication of the Manchester Com- 
mittee's Beport, it has become common knowledge that such light cuts are 
not economical. More metal can be removed in a given time with moderate 
or heavy than with flne cuts, and the friction work lost is a larger proportion 
of the whole, the lighter the cut and the higher the spindle speed. [Provided 
both the moderate and light cuts are comparable, as being taken through the 
same back gear.] 

It would almost appear as if the American practice of taking very light 
cuts at high speeds is the direct result of badly designed beds, which could 
not suffer the gi^ater forces which are operative with the moderately heavy 
cut which must be taken for true economy of power. 

Typical Bed Sections. — A collection of typical sections of bed as designed 
for use in small, medium, and large sizes of lathes has been prepared, and is 
reproduced in Figs, 208 and 236. 

Nos. 208, 211-216 represent the sections most commonly used for lathes 
from 6-in. to 18-in. centres. Between 18-in. and 30-in. centres a bed illus- 
trated by No. 209 is often employed, whilst for lathes between 30-in. and 
48-in. centres a double girder section of quasi-box form is frequently adopted. 
In these large machines, or from 30-in. centres upward, the bed may have 
two, three, four, or even flve ways, as previously mentioned, and the sections 
in general use for such are shown at Nos. 217-223. 

As these beds frequently exceed 10 ft. in width— in the 108-in. centre 
lathe for steam turbine rotors, by Hulse and Co., illustrated in The Engineer, 
June 1, 1906, the bed was 18 ft. wide — and are beyond the capacity of the 
available planing machine, or inconvenient to cast or ship, they are made in 
two or more cross sections, bolted and keyed together (No. 223). In the 
continental design by Ducommon, shown in No. 222, two independent beds 
are used and bolted to common base-plates. 

Dealing first with small beds, in the ordinary design shown in No. 208, 
the saddle is supported on the two upper surfaces and guided by the two 
outside inclined surfaces (1) and (2). The loose headstock fits between the 
ways and rests on the inner portion of the top surfaces of which the saddle is 
clear. In the design shown in No. 211 the saddle \& supported by the front 
way only, and guided by the inclined faces (1) and (2) of the same. Simi- 
larly with the loose headstock on the back way. In No. 224 the saddle fits 
on the side surfaces at the front of the bed and the loose headstock on the 
upper horizontal ways. The arrangement of the ways in Nos. 211, 224, and 
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225 is such that the saddle can be moved beyond the loose headstock without 
disturbing the same. 

The sliding head of No. 212 is supported on the back way and a separate 
inner way (4), which is inclined on the outer top side, so that as the head is 
bolted down it is pulled hard against the left-hand vertical face of (4), thus 
automatically adjusting or aligning the same. The saddle bears on the outer 
ways, but is guided by the front-way vertical faces (1) and (2), and is clear 
of the surface at (3). A strip fitted to the saddle bears on the horizontal 
under face of (3), and prevents it from tilting (see Fig. 155, a^nie). 

Similar guiding tind tilt prevention means to the saddle are employed in 
the designs shown in Nos. 213, 216, 226, and 227. In addition to the upper 
ways (No. 213), a support to the saddle is furnished at (4), after the manner 
of that shown in No. 220. This considerably reduces the overhang of the 
saddle without inconvenience to the operator. It also allows of the actuating 
mechanism to the saddle being placed between the upper and lower fix)nt 
ways, and under the average position of the tool, so that the tendency to 
cross-wind is reduced. 

The design shown in No. 227 is by Mr. W. P. Hunt in the American 
AfachinisL It is intended to overcome the trouble occasioned by metal par- 
ticles falling on the ways. The flat surface whereon the saddle slides is situ- 
ated well forward, and an independent surface inclined at 30 deg. to the 
horizontal is provided to receive the loose headstock and divert the cuttings 
into the pan at the rear and clear of the operator's feet. The faces at (3) are 
protected by the projecting ledge of the inclined surface, whilst the main way 
near to the tool is guarded by the long wing of the saddle. 

The American beds are usually provided with two pair of vees, an outer 
pair upon which the carriage slides (1), (1), No. 228, and an inner pair to 
receive the sliding headstock (2), (2), No. 228. Occasionally the inside pair 
of ways is dispensed with, and the headstock made to slide on the flat sur- 
faces. The provision of separate surfaces is essential if parallel work is 
desired, since then the wear produced by the carriage in sliding along the ways 
does not affect the height of the loose headstock centre. In order to secure 
a larger bearing surface for the saddle, the Lodge and Shipley Company has 
displaced the inner front vee by a flat surface, upon which the carriage is 
bedded, whilst retaining the out^ vees as guiding surfaces to the same (Fig. 
157, ante). The effect of this is to reduce the span of the saddle and provide 
a support to it immediately under the tool, but the saddle no longer " auto- 
matically adjusts itself" to the ways. Another recent design by the same 
firm is shown at No. 225, where the loose head is carried on the inclined back 
surfaces, whilst the horizontal flat surfaces are prepared to receive the saddle. 
This is, therefore, a return to the British type of bed in the latter respect. 
The design shown at No. 226 is a recent patent by Mr. J. Brockie, who 
claims an improved relation of the surfaces to one another, also an improved 
means of adjustment. The front and back upper surfaces have parallel incli- 
nations at about 30 deg. to the horizontal, whilst the saddle is guided by the 
vertical face (1) and the inclined face (2). The strips at (2) and (3) are 
intended to prevent tilting. They are adjusted by pins which are concentric 
in the saddle and excentric in the strips. The loose headstock is supported 
on the horizontal central flat ways. In this design the objection to the 
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inverted vee ways that the saddle can be forced up the incline is obviated ; 
the horizontal thrust of the tool being taten upon the vertical surface at (1). 

No. 229 shows a section for a universal lathe whereon a sleeve circular at 
its periphery embraces the bed and is propelled along the same by a screw in 
the centre of the gap and directly below the top surface. The saddle is 
mounted and free to swivel on the sleeve, whilst the loose headstock rests 
upon the bed direct 

The design of bed shown at 214 is intermediate between the girder and 
box types, as shown at 208 and 215. A continuous plate runs the full 
length of the bed between the ways, having pass holes only at intervals with 
deep return flanges to compensate for the metal removed. The bottom 
flanges are similar to that of the ordinary lathe bed. The saddle is supported 
by the two top faces, and guided by the outer inclined side surfaces. Owing 
to the sheers being connected by the metal plate, the ways cannot be sprung 
together when tightening the side strips, as can be done in the ordinary 
design. The rigidity due to the full box type of section is, however, not 
attained. 

Such box beds are shown by Nos. 215 and 216 ; and their power to resist 
torsion and bending as compared with the ordinary designs has been worked 
out below. Their introduction by Messrs. Eyder was the result of a sug- 
gestion by the authors. Any one may convince himself of the superiority of 
sections 215 and 216 over 214 by a simple experiment suggested by Capt, 
Sankey. If a cigar-box be taken with the lid off, it will be found that it can 
be quite easily twisted -out of shape ; but if the lid be closed, the full strength 
of the hands is unable to effect any distortion. 

In No. 215 the ordinary supporting and guiding surfaces are employed, 
whereas in No. 216 the saddle is supported on the three horizontal ways and 
guided by the vertical faces (1) and (2), whilst tilting is prevented by a strip 
bearing on the underside of (3). It will be observed that the centre line of 
the headstock and bed are not coincident, thereby affording a greater bearing 
surface to the saddle at the front and reducing the overhang of the same. In 
machines fitted with front rests only this practice is frequently adopted. 

In lathes designed for light crank-shaft work the front and back rests 
may be mounted on independent saddles. As these are made to clear each 
other, the front saddle is supported on the front and centre ways — in the case 
of the three-way bed — but is guided by the front way only. Similarly with 
the back saddle on the back and centre ways (No. 217). Usually, however, 
in this class of machine, or in lathes over 30-in. centres, a four- or five-way 
bed is adopted (Nos. 221, 222, and 223). 

The tee slots in the upper surfaces of Nos. 218 and 222 are to receive the 
loose headstock holding-down bolts, whereas in the other cases clamping- 
plates are employed to hold the head fast to the bed, and fit on the underside 
of the projecting lips as in the smaller machines. 

In the three-way pattern, shown at No. 220, the carriages bear on the 
three upper surfaces (1), (2), and (3), but are guided by the two inclined faces 
of (1) and (2). The front way (3) is dropped to allow of the saddle being 
deepened to give rigidity when the tool and rests are in operation in their 
extreme outward position. In the 108-in. centre lathe, previously referred 
to, the saddle spans the four ways, but is guided by the two centre ways only. 
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The sections of these beds are usually of the double girder pattern for each 
sheer, although a three- and four- way single-web pattern, as shown in full 
lines at 217 and 221, are occasionally used. The full and dotted lines of the 
latter figure represents the section most commonly adopted for four-way beds. 

Strength and Stiffhesg of Different Sections of Bed.— The causes produc- 
ing the principal deflections in a lathe bed are two in number. 





First, the force exerted when a heavy cut is taken by a single tool acting, 
say, midway between the centres, which tends to bend the job upwards and 
the'lathe bed downwards. It also tends, of course, to twist the job relatively 
to the face-plate, and to oppositely twist the bed relatively to the fast 
head-stock ; this action being the more severe, the greater the diameter of 
the work for a given cut. 

In such a case the lathe bed may be regarded (neglecting the twist) as a 
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girder loaded in the centre and supported at the ends. It is to a slight extent 
encastre, the moment of encastrement being iFa?, where F is the force due to 
the cut, and xv& the distance measured along the lathe axis between the end 
of the job and (the vertical plane containing) the holding-doWn bolts of the 
headstock which are nearest to the job. Neglecting this, the bending 

moment for the standard cut (area k^qq) will be \Yl\ where I is the dis- 
tance, measured along the bed, between the pair of holding-down bolts of the 
two headstocks which are nearest to each other. This distance may be taken 
at 8A. Thus the bending moment at the centre (that is, the maximum to 
which the bed is liable) when the standard cut is being taken is approximately 
equal to — 

^ _ 2240 X lOOA^ 8A 
" 6400 4 

= 35A2 X 2A 

M = 70A8 ib.-ins (151) 

(Here the cutting pressure has been taken equal to 100 tons.) 
Secondly, the force exerted when a heavy cut is taken by a single tool 
operating on work of face-plate diameter anywhere along the bed, which 
tends to twist the lathe bed relatively to the fast headstock. The twisting 
moment (T) is FA; and, with F = 35A* as before, we have — 

T = 35A« X A= 35A8 Ib.-inohes. 

With two tools, cutting on opposite sides of work of face-plate diameter 
as above, the cut would probably be of about half the standard area for each ; 
and the twisting moment would then be the same as before, viz. — 

T = i X 35/^2 X 2A = 35A» Ib.-inches. 

(In this latter case there would be practically no bending moment.) 
Thus the maximum twisting moment to which the bed is liable for the 
standard cut taken upon face-plate diameter is — 

T = 35A8 (152) 

The angle of twist of the bed will obviously be greater the further away 
the tool is acting from the fast headstock. If the greatest distance therefrom 
at which it can operate be taken equal to 8A (taking the length equal to the 
span formerly assumed for bending), we shall be able to compare the two 
deflections, due to bending and twisting respectively — qualitatively, at all 
events, if not quantitatively — and to determine which of them is the more 
important from the point of view of rigidity or maintenance of alignment. 

It is found, upon examination, that the torsional effect is the more serious, 
and we shall proceed to examine this first. 

The formula which gives the relation between the twisting moment, the 
area (a), the modulus of rigidity (G), and the angle of twist in radians per 
unit length (i^), for a shaft of circular section, is well known to be — 

T=JGio (153) 
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where J is the polar moment of inertia of the circular area of radius r ; 

7.2 ^2 
J being equal to a^ or ^ • 

Hence T = "*Gto (154) 

If the section be of any other form, e.g, square, rectangular, or of any of 
the shapes usually employed for lathe beds, it may be easy to determine J ; 
but it is found that formula (3) is no longer applicable, being, as was shown 
by de Saint Venant in his great memoir on " Torsion " (see also Todhunter 
and Pearson's " History of Elasticity," Vol, II.), in that case not even approxi- 
mately true. 

V .,--J 

r-- *' --i-l^.-J ! 

X — -f — Wp^ -^-^^p — * — ^kv — ' — ^ 

Fig. 283. 




As a practically useful result of his researches, he proposed the formula- 



40 



fGio 



(155) 



as applicable to every shape of section, whether round, square, I-shaped, solid, 
or hollow. The practical accuracy of this formula for angles of twist within 
the working strengths of the material was established by Bauschinger. 

It is easy to show that this expression gives a nearly correct result for a 



circular — solid or hollow- 



-section. Thus T = ^jGio = loo?-/,^ = M^^ ' 



but by the ordinary formula T = «— Gio ; and the former value is equal to the 

20 
latter if 27r = - ; that is, if 6-2832 = 6-38, which is nearly enough true. 

TT 

We may now show how to calculate for a lathe bed of given section and 
polar moment of inertia J; which is of cast-iron (G = 6*6 X 10' lb. per 
sq. in.); of area a square inches; and which is subjected to a given twisting 
moment T Ib.-inches, the angle of twist Iq due to a given twisting moment 
of, say, T = 35A^ Ib.-inches ; and hence to determine the deflection at the 
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extreme outer edge of the bed, h inches from the centre and at a distance 8A 

from the fast headstock. 

We take the following as a typical section for a 6-in. bed : — 

If losic be the moment of inertia of the section about the axis XX, and 

\yy the moment about the axis YY, then J, the polar moment of inertia of 

the section, or that about an axis through the intersection of XX and YY, 

and perpendicular to their plane, is known from — 

J = \xx + \yy. 

To find laxr, we must first determine the position of the centre of gravity 
of the area of the section ; then, referring to the figure, the value of Ixx will 
be got from — 

Similarly, \yy will be obtained from — 

% = i^:fPi(A« - F«) + (ai + a,XC« - D') + t4JS} - L«)J 

Thus J is known. 

The values of J have been calculated in this way for the three two-way 
beds whose dimensions are given above, and are tabulated herewith — 



fe . . . 


... in. = 


6 


12 


18 


a . . . 


. . sq. in. = 


81-1 


68-6 


112 


y. . . . 
Ixx . . 


... in. = 


5-67 


8-6 


10-68 


. . . in.* = 


408 


1484 


4,800 


lyy . • 


»f ^^ 


444 


8613 


15,660 


J . . . 


i» ^ 


852 


6097 


20,460 


a* 

J • • • 


„ = 


1095 


2900 


7,720 



We may now proceed to calculate the deflections due to (a) torsion, 
(6) bending, by the torsional and bending moments respectively specified 
above. 

(a) Torsional deflection at a point in the edge of the bed distant 8/^ in. 
from the fast headstock, the edge being distant (practically) h in. from the 
centre of gravity of the section, and the sections being of the form and 




dimensions figured above. If 8 be this deflection (in inches) and i the cor- 
responding angle of twist (in radians), then 8 = n (= /0); also i = i^, 

/. 8 = rKo 



but 



. 40JT 
40JT 



^0 = 



Ga* 



rl 
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With r = A and / = 8A, rl = 8A«; also T = Z^h? 

1'7 A' 
Therefore 8 = its -i 

10' cr 

J 
This gives — 

ForA= 6" 12" 18" 

8 = 00147 01 175 0-397 ins., if j = 25A« 

. , , \ TT 1-7 X 6" 1-7 X 12* 1-7 X 18« 
Actual value 18 8 = j^j3^^3^ iP^^lgTO 10^ x 7720 

= 0121" 01452" 0-4162" 

^^ = iPoo= ««i^ '•'' ^-^M • t., 

'3 /approximately 

'^ = r4-000= ^'^^^^ ^'^23 0-416 J 

It will be found on trial that this calculated deflection increases at a 
somewhat greater rate than the square of the height of centres. The reason 
for this is evident when we observe that the deflection produced by the 
standard cut at the point in question increases as the fifth power of the 

a* 

height of centres, and diminishes as y increases. This latter, for the beds as 

made in practice, only increases at a rate somewhere between the square and 
the cube of the height of centres. 

To obtain the same deflection in all sizes y should increase as h\ 

(h) The deflection due to bending, produced by a tool taking the standard 
cut, midway between centres, is : if the beam be assumed supported (and not 
encastre) at the ends ; and if it be granted that both I-beams of the bed take 
part equally in resisting the bending action (a supposition which is too 
favourable to the ordinary bed; the two sheers or girders being only 
connected together at intervals by shallow cross girders) — given by the 
expression — 

" 48EI„ 

Here W = 35A«, / = 8A, E = 17 X 10«, and Ixx has the values tabulated 
above, viz. — 



For fc = 6 in. 

1x0; = 406 
and 9 = 0*00042 in. 



12 in. 
1484 

0-00868 in. 



18 in. 
4800 

8-006 in. 



Thus this form of bed is much stifier as regards bending than as regards 
torsion. 
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Beds of Circular Seotion. — If we take the same amount of metal as is 
put into the ordinary beds, but make the section a hollow circular one of 
diameter equal to one and a half times the height of centres, we obtain 
the following deilectioDS for the standard cut measured at the same point, 
viz. 8% in. from the fast headstock, and h in. from the centre of the lathe. 

Defleetion due to Torsiou.— The formula for the angle of twist per unit 
length of bed becomes — 



or 71— r approximately ) 



and for 



or 



27rT/ 

^ ,. 27rT , 27rT, 

^ _ IG ir X 35 A^ 
"■ 6-6 X lOV '' 



266 ^ 
108 ^2 



Forfe = 6 
fc» = 7780 
a 



« = 



2^66^* 
10*a« 



= 965-8 



a=r 



000214 
0002 in. 



Stiffness relatively to bedl « fcirnefl 
of ordinary design / ''*™®^ 



12 
248,900 
63-6« 
4,042 

00167 

0-0167 in. 

9 times 



18 

1,890,000 

112« 

18,684 



0040 
0*040 in. 



10 times as stiff 



The beds of circular section illustrated by Kgs., Nos. 235 and 236, 
p. 325, which have about the same moment of resistance to bending as 
the ordinary form of bed, will have about the same deflection in transverse 
bending as the latter. 



Conclusions. 

The conclusions which must be drawn from this investigation are the 
following : — 

(1) Lathe beds of the ordinary design, consisting of two or more girders 
laid side by side, connected only at intervals by relatively shallow cross 
beams, are very weak to resist the torsional moments to which they are sub- 
jected, and which tend to produce much greater strains and deflections in 
them than the bending moments do. 

This weakness increases enormously as the size of the lathe increases, so 
that, were it not for the additional stifTness provided by the great masses of 
concrete which they rest upon and are securely connected to, the beds would 
be utterly inadequate to withstand the loads to which they are subjected in 
large lathes. 

(2) Ordinary lathe beds are not seriously strained by the bending moments 
to which they are subjected : or, in other words, the beds are much stronger 
for resistiug bending than for torsion. Yet, whilst this is true, large lathe 
beds of ordinary design are proportionally much weaker than small ones. 
Thus, for an 18-in. lathe the deflection due to bending under the standard 
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cutting force is found to be twenty times as great as for a 6-in. lathe. If this 
deflection may be regarded as a true measure of the stiffness of a bed, it ought, 
however, to be the same for all sizes of lathe. It is certain that such large 
deflections will be accompanied by great vibration. 

(3) The proper form to give the section of a lathe bed is the box or cir- 
cular. This has been shown above to give a torsional stiffness from six to 
ten times (and for larger beds still more), and a bending stiffness at least 
equal to that of a bed of ordinary design when both contain the same weights 
of metal The continuity of the metal between the sheers further obviates 
the springing due to the tightening of the taper strip in saddles which span 
the whole bed. 

If such a bed section were adopted its strains would be self-contained. 
No assistance from a strong foundation would be required, and no greater a 
foundation would be necessary than what would merely support the weight. 



CHAPTEE XXXIX 

THE ECONOMICS OF MA.CHINING IN THE LATHE, AND THE FACTORS WHICH 
GOVERN THE TOTAL COST 

The cost of machining off one unit of weight of either steel or cast iron 
depends on the following factors : — 

I. Charge for power : (a) useful, 

(6) fiictional. 

II. Charge for labour : (a) skilled, 

(b) unskilled. 

III. Charge for establishment: (a) land, buildings, insurance, rent, etc. 

(() management 

IV. Charge for first cost of the Machine Tool: (a) interest, 

(6) depreciation. 

I. Power. — It has been found that about 2 horse-power must be developed 
at the tool to turn off either steel or cast iron continuously at the rate of 1 lb. 
per minute. In other words, to remove one pound requires the expenditure 
of 66,000 ft. lbs. of net work at the cutting edge. 

It is further found that the work lost in friction, when a lathe is kept 

running for one minute, is about 3300 ft. lbs. per inch of height of centres of 

the lathe, whether the lathe be cutting or running light. In other words, 

the frictional or waste horse-power of a lathe increases proportionally to 

its size and varies but little with the load. It may be taken roughly at 

h 

j^ horse-power Qi = height of centres, inches). 

It is clear that the greater the proportion of cutting time to running 
time and the heavier the cut taken when cutting, the smaller fraction will 
the waste power be of the total required per pound cut. 

Thus, if W lbs. can be machined off during 60 minutes' running time of 
the lathe, the total work done will be [66,000 W + 60 x 3300A] ft. lbs. 

The work done will therefore have been 

^66,000 + ^^y^ ) ft. lbs. per lb. cut. 

If the power costs 075 penny at the power station, and (owing to 
frictional loss, etc., en route) it costs ll^d, at the lathe per horsepower-hour, 
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then the charge for power (P) for the above pound cut will be (since 
1 hp.-hr. = 1,980,000 ft lbs.)— 

/ 66,000 , 198,000A \ , . „ 

(1:980:000 + 1,980,000 w) 1"^ P^^^ P^^ ^^• 

or ^ = (20 "^ ep^) " ^'^^ "^ ^'^^ W P^^^ ^^ ^^' ^^*- 

or P = 112 + -^- pence per ton cut (156) 

It must be remembered that this is the chaige for power irrespective of 
the ratio of running time to working time. Thus, whether the W lbs. are 
machined off in 60 consecutive minutes of running time, or in six periods of 
ten minutes each of running time spread over 2, 4, or any number of hours 
of working time, makes no difference to the above figure. Strictly speaking, 
an added charge for friction of line shafting, etc., should be made in the latter 
case ; but this may be supposed to be allowed for in the price of 1 J pence 
above assumed. 

The proportion of the total possible working hours during which the lathe 
stands still does, of course, affect the total cost of cutting ofiT a pound of 
metal ; not on the score of power, but on those of wages, establishment, and 
on cost. These items are subsequently considered. 

We shall denote by w (compared with W) the weight of metal removed 
on the average during each hour the shop works throughout the year. 

To find the value of t^ as a function of the size of lathe ; of the ratio of 
actual to possible running time over the year ; of the ratio of the average 
area of cut actually taken to the standard area for which the lathe is 
designed, the actucd cutting speed being always that at which the standard cut 
should he taken if the best possible use is to he Toade of the tool steel employed, 
we proceed as follows : — 

Let h s= height of lathe centres in inches. 

X = ratio of actual to possible hours per annum during which the 
lathe runs. (It is here assumed that it never runs except when cutting.) 
Y = number of hours the shop works per annum (say 3000). 

na, = average area of cut taken throughout the year, (n being usually 
less than unity.) 

V, = — h 15, the standard cutting speed (ft.) when high speed steel 

is used. 

I'. = — + 15, the cutting speed (ft., min.) of which the tool steel is 

economically capable with the area of cut na, when high speed steel is used. 
Then, since the weight of one cubic inch of the steel operated upon is about 
0*29 lbs., and, on the assumption that thai average cut is always taJcen at its 

corresponding hest tool speed lv, = — + 15j, we shall have (W, = possible 

weight cut) — 
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W, = 60 X no., {— + 15) X 12 X 



29 



= 200 + 3200na, (approximately) (157) 

= 200 + ^ (approximately) (158) 



lbs. cut per hour of rtmning time ; and — 

2 



tr, = «W, = 200x + ^' (159) 



lbs. cut per hour of shop working time. 

This weight is possible during a?Y hours per annum, only if the speed 
appropriate to the given average cut can always he obtained on the lathe and 
high speed steel be vsed. 

Thus, e.g., if the average cut taken be half the standard cut, n = \\ if the 
lathe runs two-thirds of the total working hours of the shop, a? = | ; 

then t^ = 200 X S + |^-^2^ 

= 140+1* . . . ' (160) 

lbs. cut per shop-hour on the average throughout the year. 

As a matter of fact, however, the above required cutting speed cannot be 
obtained on every diameter of job except in the case of lathes upon which a 
continuous variation of speed &om the highest to the lowest is supplied by 
means of a separate motor with a suitably arranged rheostat, or of a stepless 
cone or equivalent mechanical device. In general, the required speed v will 
fall between two successive available speeds, a lower vi and a higher v^, of 
which the former will be made use of by the turner as being within the 
proper compass of the tool steel. 

If the required speed vhQ on the average halfway between vi and v^, then 
the cut will be taken at a speed which bears to the proper speed the ratio — 

P=-^ (161) 

^ Vi + V2 ^ ^ 

now, if r be the geometric ratio — 

2vi 2 

t;a = n;i; :. ^ ^ -^^-^^ = -^--^ , . . (162) 

The weight cut per running hour will, in this way, be reduced from 
Wp to W ; where — 

w-i^ = rT-,P<'» + ^'] w 

the weight cut per shop hour will similarly be reduced from w,tow; where — 

2x r«^^ . nh^' 



w 



= .W, = i|-^200+!^] .... (164) 
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The cost for power then becomes — 

0-15A 



P = 005 + 



W 



P =r 0-05 + la A 

P = 0-05 + ?l^+^->^^^^ . . . (165) 

or P = 112 + 400 4. ' ^ P®^^ P®' *'^^ ^^* • • (1^6) 

Items II. a7u2 III. — ^Ihe Labour and Establisbment charges may be con- 
veniently taken together, as they both depend on the size of the 
lathe. 

II. (a). — Turner's wages will be about 9(2. per hour for all machines above 

12-iu. centres, but less for smaller sizes; say about ^ pence per hoar for 

the apprentices or boys who work the smaller tools. 

II. (6). — One labourer can clear away the cuttings from about 3 high speed 

tools, and his wages may be taken at 6(2. an hour. For small lathes one 

labourer can attend to about 6 lathes. The charge for labouring may there- 

h 
fore be approximated to by charging at the rate of ^ pence per hour, as the 

large lathes may use 2, 4, or even 6 tools at once. 

III. (a) and III. (J). — The charges under these heads are very differently 
estimated in different shops. We shall assume that the proportion of total 
oncost chargeable to each machine increases with its size and that it will 

amount to ^ pence per hour. 

The total chaise under headings II. and III. will therefore amount to 

9 + c + o peJice per shop-hour for lathes above ' 

O £i 

(tamer) (Ubourer) (onooet) > 12 in. 

and o + ^ + <5 pence per shop-hour for lathes below , 

o \i 2t 

Say 9 + 0*66A pence per hour for large lathes 
and h „ „ „ small lathes. 

If, on the average throughout the year, w lbs. of metal are machined off 
per hour of possible working time by a lathe of h inches height of centres, 

then the cost for labour and establishment will amount to L' s - pence per 

pound for small. 



andL" = ?^t^^ for large lathes . . . (167) 
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Thus— 

_ 2240A 

JL ^ 



2240 (9 + 0-66^) , ,,„^ , 



rfX-^-^^) ^'' i^X---^") 



III. (a) and (h), — The flwt cost of lathes of good design and finish, with beds 
about 12 times the height of centres, in length, is found to vary somewhat as 

the - power of that height. For lathes of usual ranges and numbers of 

spindle speeds we have found the following expression for the first cost in 
terms of the height of centres, A, and the value of the geometric ratio of con- 
secutive spindle speeds, r. 

First cost, £C = £ [3-7 +j^^^-]Ai . . , (168) 

If we take interest and depreciation at together 10 per cent, the charge 

C 240C 

under this head will be ^^ pounds stg, per annum or j^ pence per shop- 
working hour, where Y = number of hours the factory works per year. 
Thus, e,g.y if the working year consisted of 2400 hours, the charge would be 

As w lbs. are cut per factory hour (on the average), the cost chargeable 
for interest and depreciation is I = JqYm; ^^^ P^^ ^^' ^^^' 

In what follows we shall assume that the factory year consists of 3000 
working hours ; then 

C [!lliiL£3i]lDenceT)erlb 

,„a I 22^^1^ (169) 

125w; v> 



or 






pence per ton cut . (169a) 



The total cost of removing one ton of steel shavings is accordingly 

T= P +L + I (170) 

- 112 ^^^'^ "*" ^^^^^ "*" ^"^'^P '^ '*' "^^ ~ -^^^^^ . (172) 
[400 + nA«]^j^ 

pence per ton. 

We have made use of this expression, based upon the data given above, 
to estimate the cost of cutting under various conditions, and for various sizes 
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of lathe. The results are given in Table LXI., and have been plotted as 
curves of ci>st on various bases in Figs. 237 to 239. 

Fig. 237 shows the effect upon the cost of cutting (a ton of mild steel), of 
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varying the number of hours per annum which the lathe runs out of a total 
possible of 3000 ; this number being the assumed number of shop-working 
hours per year. The figure diminishes at first very rapidly, but afterwards 
more slowly for all sizes of lathe, as the hours nm by the lathe become a 
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larger and larger proportion of the total. In drawing these curves (from 
Table LXI.) it has been assumed throughout that the average area of the 

cut actually taken is three-quarters of the standard area {tttt^ which 

we have postulated. 



l> 
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In Fig. 238 we have taken it that the hours run by the lathe per annum 
are 2400, or three-quarters of the total possible; and have plotted (again 
from Table I.) the total cost in relation to the proportion which the average 
area of cut actually taken bears to the area we have assumed to be the 
standard. The cutting speed is assumed to be always the highest the steel 
can economically stand. We thus see that, as the average area of cut 
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increases from 50 per cent. less than to 50 per cent, more than the standard, 
the cost per ton diminishes — 

d. d f. d. 

For a 6-in. lathe from 226 to 217 or by 9 per ton. 
„ 12 „ „ 321 to 272 „ 4 1 „ 
,. 24 „ „ 412 to 276 „ 11 4 „ 
„ 36 „ „ 418 to 249 „ 14 1 „ 

„ 48 „ „ 395 to 226 „ 14 1 „ 
„ 60 „ „ 367 to 208 „ 13 3 „ 
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These figures show the savings to be effected by heavy as against light 
cuts all the year round. They are due to the greater weight- renioving 
capacity of the high-speed steel when the heavier cuts are taken. 

In Fig. 239 the total costs have been plotted (from Table LXI.) as functions 
of the size of lathe, for various ratios of average to standard areas of cut ; the 
number of running hours being taken at 2400 out of 300Q throughout. 

It is observed that, if the data upon which our estimates of cost are based 
be correct, the most uneconomical lathes are those of medium size, from 
18-in. to 30-in. centres ; the cost of cutting being 20 or 30 per cent, less 
when it is done upon quite small or very large lathes. 

The costs have also been graphed in the same Fig. 239 in itemised form — 
first for labour, second for power, and third for interest and depreciation ; 
the causes operating to produce the peculiar shape of total cost curve, shown 
above, being thus more clearly apparent. 



The Cost of Cutting when the Area of Cut is not only less than the Standard 
Area, but is taken at some Speed less than the highest of which the Steel is 
economically capable. — This is what ordinarily happens in the case of the 
everyday use of a lathe. The extent to which it must happen with any 
given design of headstock is measured, as we shall show further on, by the 
ratio of the area of the "lathe-characteristic" to the area of the standard 
torque-speed diagram (oahcd, vide Diagrams I. to IX. below). This ratio we 
have called ^ ; and in what follows we have found its value for a number of 
examples of lathes actually constructed. It now remains to show the effect 
upon the cost of cutting, which different values of this ratio 2^ (i.e, different 
weight-removing capacities in a headstock) will produce. 

As shown above, the greatest possible weight which can be removed when 
taking the standard cut is — 



W, = 60 X a,Q- + 15) X 12 X 29 

3100*2 



= 207 + 3100a, = 207 + 



6400 



7.2 
= 200 -h o" (approximately) (1/3) 

lbs. per running hour. 

The actually removed weight by a given headstock having a ratio ?, 
will, by the definition of that ratio, be — 

W„ = 2:(^200 + - -) lbs. per running hour . . . (174) 

The weight removed per hour of shop-working time, when x is the fraction 
of actual hours run per year to total possible, is — 

«,^ = xW, = a^(200 4- 1*) (175) 

Hence the total cost of removing one ton of steel shavings by means of 
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the given headstock, whose "characteristic" or weight-removing efficiency 
has a given value ?, will be — 



T= P, + L, + L 

r 336A-I r2240A-| r2240C-| 



= 112 + 



336A 2240^ 2240C 

2(20o7f) a;^(200 + I') 125rt«(200 + ^) 



(176) 
(177) 



(?05f 0/ Machining Steel in Pence per Ton for various 
Sizes of Lathe. 




6 12 z8 24 ao 36 42 48 54 6o 66 72 78 
Variation with Different Values of the Ratio f = Weight 



Remouable {J*' ? ^J^V" j Headstoch. 
^by a Perfecv 



Pig. 240. 
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We have calculated out the values of T for various sizes of lathe, from 
6-in. to 72-iu. height of centres ; and for six different values of ?, viz. : — 
? = i> i» h 1> li* ^^^ li- The lathe running time has been taken equal to 

Co8t of Machining Steel in Pence per Ton Ta- 




i \ ^ K \ \\H ^ X % % \ MVk ' a k\%l 1\Pk 

Variation {for each size of Lathe) with different Values of (— Weight 

Fio. 241. 



2400 out of a possible 3000 hours per annum (i,e, a; = }) ; the same for all 
sizes of lathe (possibly a smaller value ought to have been taken for x in the 
case of small lathes than for large ones). 

The results are given in Table LXII., and are plotted in Figs. 240 and 241. 
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TABLE LXII. 

Cost of MAOHonNa Steel in Fence per Ton. 

As depending upon Headstoek Efficiency, 

X = value of ^^ hours per annum, taken = | throughout. 

The cutting speeds here depend on the spindle revolutions and torques actually provided in 
the headstoek. 
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U 


1 


3 


h 


i 


fc = 6 in. . 


P 
L 

I 


118 

55 

6 


119 
66 

7 


121 

82 

9 


124 

109 

11 


131 

164 

17 


149 

828 

34 


Total . . 


T 


179 


192 


212 


244 


812 


511 


^ = 12 in. . 


P 
L 

I 


122 
88 
13 


124 

105- 

15 


127 

132 

19 


181 

176 

26 


142 

263 

38 


171 
526 

77 


Total . . 


T 


228 


244 


278 


333 


443 


774 


;i = 24 in. . 


P 
L 

I 


123 

103 

20 


125 

123 

24 


129 

154 

30 


134 

206 

40 


145 

307 

60 


178 
618 
120 


Total . . 


T 


246 


272 


813 


880 


512 


916 


;i = 86 in. . 


P 
L 


122 
76 
21 


123 
94 
25 


126 

117 

82 


181 

155 

42 


140 

233 

63 


169 
468 
126 


Total . . 


T 


219 


242 


275 


828 


486 


763 


fc = 48in. . 


P 
L 

I 


190 
61 
20 


122 
74 
24 


124 
91 
80 


128 
122 


136 

182 

60 


160 
368 
120 


Total . . 


T 


201 


220 


245 


291 


878 


648 


fc = 60 in. . 


P 
L 

I 


119 
49 
19 


120 
59 
28 


122 
69 
29 


125 
99 
39 


182 

148 
58 


152 
296 
116 


Total . . 


T 


187 


202 


220 


263 


338 


564 


;i = 72 in. . 


P 
L 

I 


118 
40 
18 


119 
49 
22 


121 
62 

27 


124 
82 
36 


129 

123 

54 


147 
247 
109 


Total . . 


T 


176 


190 


210 


242 


806 


503 



CHAPTER XL 

THE TORQUE-SPEBD DIAGRAM. LATHE CHARACTERISTICS 

It has long been a desideratum on the part of the lathe-user to have a method 
of comparison by which the values of the diflFerent types of headstock, and of 
the various factors entering into their design as power transmitters, could be 
fairly estimated. 

In reference to this matter, Mr. P. V. Vernon, of Messrs. Herbert, makes 
the following remarks : — ^ 

"Several suggestions have been made recently as to establishing a 
standard for estimating the power of headstocks, and most of the suggestions 
have been based upon the maximum pulley diameter and the maximum gear 
ratio. Consideration of the points discussed above as to the relations between 
speed and power, however, makes it clear that such a standard would be 
misleading, as in the majority of cases, especially with high-speed steel, the 
maximum gear ratio is not in use, and in very many cases the belt is not 
upon the largest step of the cone, when the required work is to be done. 

" In stating the strength of a chain, consideration must be paid to the 
strength of the weakest link, and the same course should be adopted when 
estimating the value of a machine tool for any given work, and the idea, 
therefore, almost suggests itself that it would be as reasonable to estimate 
the power of a lathe by the minimum values of cone pulley diameter and 
gear ratio as by their maximum values. In estimating the power of a lathe 
for any work it is necessary to take into consideration that part of the speed 
range at which the work must be done in order to get the required cutting 
speed suitable for the tool steel used, and on this account it seems that a 
better basis can be arrived at from the quantity of belt passing over the 
pulley (width multiplied by velocity) per inch or foot of cut at certain 
specified cutting speeds on the various diameters. Such a method takes into 
account the various efficiencies on the diflferent steps of the cone pulley, and 
also does not encourage the formation of a mistaken estimate based on a high 
ratio of gearing which could never be used with the high-speed steel tools." 

The question is. What are the economic values to the purchaser of the 
various items in a lathe specification ? Such as — The drive, whether by belt 
or motor, by cone on or off the spindle, or by an all-gear head. The spindle 
speeds and their ratio. The number and ratio of the back gears. The 
number and arrangement of the counter shaft speeds. The ratios of the 

* The Engineer, Mach. Tool Supplement, Nov. 4, 1904, p. iii. 
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successive spindle speeds, as governed by the steel to be employed, and the 
size of cut and of job. 

The problem is much more complex than is generally supposed ; and no 
single simple rule, such as that above referred to by Mr. Vernon, will be 
found sufficient. 

A method which we have devised, and propose now to explain, appears to 
us likely to prove useful for the purpose in view. By its employment, 
together with the cost curves of Chapter XXXIX., it woidd seem possible to 
estimate the value of any given design of headstock relatively to a standard 
of reference, and to express this value numerically by its effect upon the cost 
of machining unit weight of the metal to be operated upon. 

The method depends essentially upon the plotting of a torque- (spindle) 
speed diagram of constant value for the given headstock, and the comparison 
of this with a similarly constructed curve for a lathe without friction (or 
other) losses, and with no gaps in the succession of possible spindle speeds. 

The spindle revolutions are set off as ordinates on a base of the torques 

h^ 
of which the lathe is capable. Thus the standard cut a, = ^/qq» when taken 

at face-plate radius A, requires a torque T. = •^^ ft. lbs. (/ = 100 x 2240 

lbs.), and this is set off to some convenient scale, as od lathe "A," Fig. 242. 

This cut can be taken at a speed v, = — h 15 with high-speed steel without 

(I 
undue waste of tool steel. The spindle revolutions N„ to give this speed on 

a radius A", are got from "^ ^. = K or N, = -71;, = _ /" - + 15 V Hence, 

on some convenient scale set off dc = N,. 

If the standard cut a, be required on some smaller radius r, but at its 

fl \ far 

proper speed v, = I — hl5), then the corresponding torque T is js ft. lbs. 

T r 
Thus m =« 7 . The new spindle revolutions N corresponding to the smaller 

radius are N = — ( — -f- 15 ), and ^f = -. Hence n^i^ = t . - = 1, or the 
TrrVa, /' N. r T,N, h r 

product of the torque and spindle revolutions when the standard area of cut 

is taken at its proper cutting speed is the same for every job-radius. If, 

therefore, we construct a rectangular hyperbola cb on the axes of torque and 

revolutions, any point, such as /, upon it will give ef = N, the correct spindle 

revolutions, and oc = T, the proper torque, when the standard cut a, is tcJken 

on a job of radius r, such that -3 = t. If, now, some smaller cut naj^ < 1) 

■ is to be taken on a job of radius r, the required torque T' will be less in 

fiv 7 

proportion, and ^ = — - ^ n F— , say J. The tool steel can, however, take 

this lighter cut at a higher speed than that obtained with N-spindle revolu- 
tions on this job of radius r. If the speed of cutting could increase as fast 
as the area diminished, the new spindle revolutions rp would be given by the 
point p (where the vertical through Tc cuts the hyperbola Jc). 

The tool steel would soon be ruined, however, by this excessive speed, and 
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the truly economical cutting speed, as obtained by experiment and indicated 
on Fig. 2, p. 9 (of the Manchester committee's trials), should be substituted. 
In this way the thin dotted curve /y is obtained, and the proper spindle 
revolutions are given by the height ry. By means of this curve, the hyper- 
bola cb and the curves /y, drawn for those job diameters which are most 
likely to occur in the life of the given lathe, we can represent those limita- 
tions to the capacity of the lathe which are imposed by the total power it 
receives and by the brand of tool-steel it is intended to employ. 

In order, now, to compare the lathe as actually constructed with the 
perfectly efficient and fully capacious hypothetical tool just described, we 
must set off, on the same diagram, first, the values of the various spindle 

speeds with which the headstook is provided, and 
^ second, the effective torques available at those 

speeds. 

Thus (referriBg to Fig, 242) at the highest 
spindle speed provided (in this case this speed 
is Qi\ we set off the belt torque delivered upon 
the smallest lathe-cone step (the cone being 
then directly coupled to the spindle). This 




p. %Qo i^t^t^ 4*10 ^^^ *'*™ u "y 

Torque Speed Diagram for d-in. Lathe (cone on spindle). 

Fig. 242. 



is found by multiplying the belt width by the effective tension per inch 
of width and by the smallest cone-step radius. The quantity plotted as ij is 
thus obtained, and it is seen to be, in this case, not much below the torque 
required by the standard curve he. This shows that if this belt torque could 
be conveyed without frictional losses through the gears back to the spindle, 
when cutting with the back gear at work, the full capacity of the steel on a 
large job at a slow speed could be almost realized. 

The friction losses, however, cause a considerable diminution of the 
effective or tool torques at the lower spindle speeds, and they are accordingly 
seen to fall proportionally much further short of curve 6c than ij does. 
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When the belt is shifted on to the next larger lathe-cone step, the torque 
is increased, because the belt-pull is the same (it really ought to be somewhat 
diminished because its speed drops) and the step radius is larger. The value 
obtained is plotted, as M, opposite to its corresponding spindle speed, 400 
revolutions per minute. The product of the torque and speed is seen, however, 
to be considerably less for this case than for the former. This is because the 
spindle speed diminishes at a greater rate than the torque increases. 

Proceeding in this way, we may construct the " characteristic " diagram 
of the given headstock for the whole range of speeds of which the spindle is 
capable. We connect these torques and speeds by bits of hyperbolas (as jt^ 
lu, etc.) for reasons to be explained below, and the diagonally hatched area so 
obtained is found to be a measure of the economic value of the given design. 

Torque and Sevolution Chart. — This chart (vide folding-plate in cover) has 
been drawn to facilitate the determination of the values of the forces and 
torques required for taking any given area of cut upon machinery steel of 
various diameters by means of a lathe, and for finding the number of revolu- 
tions per minute at which the spindle of the lathe must run in order that 
the cutting speed may be obtained, when taking the cut on those diameters, 
which is considered suitable to the given area of cut and the kind of tool steel 
employed. 

In particular, we have shown upon the chart (by the two thick black 
curves), the relations between size of lathe and standard area of cut, and 
between size of lathe and spindle speed for standard cutting speed which 
we postulated in Chapter VII., pp. 32 and 33, ante. 

These rules are — 

^' = m <2^> 

and 1;, = 1 + 15 (28) 

The cutting force necessary to be applied to remove a cut of area a, on a 
mild or medium steel job is — 

^■-f^'-'^mo <i7«> 

where /is the cutting pressure, say in lbs. per sq. in. 

On p. 33, ante, we took for / the value 115 tons per sq. in. ; but as we 
now propose to compare the cutting force required at the tool with the net 
force which can be delivered there by the lathe when allowances have been 
made for frictional losses in the headstock, it will be more correct to take a 
lower value than the above. A good average value for steel is 100 tons per 
sq. in. (vide Fig. 8, p. 17), and then 

/ = 224000 lbs. per sq. in. 

and F. = 224000g^ = 35A« lbs (179) 

On chart (F - r) this quantity is plotted as the curve GH. Its ordinates 
(measured downwards) are the values of F., and its abscissae (measured left-- 
wards) are the corresponding values of h. 

2 A 
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Thus for % (or r), equal to 10 inches, F, = 3500 lbs. ; and this value is 
found on the diagram by following the vertical BX downwards till it cuts 
GH in L. A horizontal, LM, through L, gives 3500 lbs. on the F-scale. 

The product of EX and LM gives Fr, the net torque, here 35000, which 
the lathe is overcoming in inch-lbs., when the standard cut is being taken on 
face-plate diameter. 

The same torque will be developed by the lathe if the area of the cut (and 
also, of course, F) is increased proportionally as the radius of the job is dimin- 
ished. Thus at 5-in. radius the cutting force may be 7000 lbs. (as shown by 
points Hm). A rectangular hyperbola connecting all such points as L and / 
will therefore give the various cutting forces (and therefore areas of cut) which 
the given lathe should be capable of, on the corresponding job diameters, 
without the standard torque being exceeded (here ^^ = 2916 ft. lbs.), 
represented by the rectangle KLMO. 

Further, the numerical value of this torque can be read off on the Fnaoale 
vn, ft. lbs. by noticing the point where the hyperbola through L cuts the 
strong line TT passing through r = 12 inches. 

Alongside of the F-scale there are indicated for convenience the areas of 
cut which will require the cutting forces marked opposite to them to be 
applied when operating on mild or medium steel. 

As indicated above, the (F — r) chart is also intended for finding the 
torques when any other rule for fixing the standard cut is followed. 

Thus, let it be required to take a cut J by ^ on a medium cast-iron job 

of 10 inches diajneter. Then following the ordinate r a= 5 inches downwards 

until it passes through the abscissa a s 0'0235 sq. in., we find that the 

intersection lies halfway between the constant torque hyperbolas marked 

2000 and 2500 ft. lbs. 

Fr 
The actual torque is =-^ = T = 2190 ft. lbs. This value may be read off 

at once by following along between the two hyperbolas mentioned until they 
cross the vertical line TT at r = 12 inches. This gives the torque when 
operating upon machinery steel. To find the value for cast iron, we turn to 
Fig. 9, p. 17, where the net cutting force is plotted for various areas of cut 
and angles of tool. 

For a = 0-0235 and a tool angle of 80°, we find/ = 58 tons. The torque 
obtained above must therefore be multiplied by 0*58 to get the correct value 
in this case. We thus find T = 2190 X 0-58 = 1270 ft. lbs. 

To determine the spindle revolutions at which the required cut should be 
taken on medium cast iron, all we have to do is to refer to Fig. 3 on p. 9, 
where we find that a cut of 0*0235 sq. ina area can be removed at 38 feet 
per minute (the tool then lasting 20 minutes). If we say 35 feet per minute 
to be safe, then to find the spindle revolutions fix)m chart (N — r), we follow 
between the hyperbolas of constant speed 30 and 40 to where they cross the 
vertical through r = 5 inches. The corresponding spindle speed is 17 
revolutions per minute. 

The (N — r) chart thus provides facilities for determining the proper 
spindle speed which the lathe must run at in order to give any desired cutting 
speed upon work of a given diameter. 

In particular, the heavy curve AB shows the relation between spindle 
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revolutions and height of lathe centres which must obtain when the standard 
cut is taken at its proper speed for steel. Beferring first to this, taking the 
rules Nos. (27) and (28) given above, and combining them, we obtain — 

t^. = 15 + ^ (180) 

This gives the " standard cutting speed " v^ (feet per minute) for a lathe 
of h inches height of centres. The lathe must be capable of giving this speed 
(which is that for which a highnspeed tool will last for a reasonable time when 
taking the standard cut corresponding to the given size of lathe) when working 
on some diameter of job to be agreed upon. On p. 35 we have postulated 
this diameter to be tJiat of the face-plate (» 2A in.); but this may not 
meet with universal acceptance, even for a pure high-speed lathe. In 
cases where it is agreed to, the number of spindle revolutions per minute (N,) 
which must be made in order to produce a speed v^ on a diameter 2A is 
obviously — 

V -i2!i- 12 r.. ■ 64001 

^' "" ir(2A) " ir{2h)l^^ ^ h^ 1 

or N^==12^ + ^ (32) (comp. p. 35) 

The values of this expression have been plotted as ordinates on a base of 
height of centres h (or r) as the curve AB on chart (N — r). 

Thus on a 12-in. centres lathe (for which the standard cut is 0*0225 sq. 
in. area, and the corresponding cutting speed 59*5 feet per minute) the 
spindle speed, N^ which will give the standard linear cutting speed t> 
(= 59'5) is 95 revolutions per minute. This agrees with the co-ordinates of 
the point D, which is the intersection on the curve AB of the vertical through 
A as 12 inches. The same cutting speed can, of course, be obtained on any 
other radius if the spindle speed be made to vary inversely as the radius. 
Thus, if r = 4 inches, N = 28*5 as got from point rf, on the vertical cd through 

r = 4 inches, where ™ = -^. The points D and d are therefore situated 

on a hyperbola of constant cutting speed (v, = 59*5). A number of similar 
hyperbolas have been drawn on the chart, and the values of the cutting 
speeds they represent marked upon them. 

This (N — t) chart may therefore be used for finding the spindle revolutions 
required with any given job radius to produce any other cutting speed than 
that given by rule (32). Thus, let it be required to find the spindle speed 
which will give a cutting speed of 40 feet per minute on a job of 10 inches 
diameter. Then, following the vertical through r = 5 inches, up to where 
it intersects the hyperbola of 40 feet cutting speed we find N = 15^. 

"KT C\ 

It may be observed that, since 27rrj^ = t? .'. N = t; if r = - = 1*912 inches* 

Thus by noting where the strong vertical line W through r = 1*912 inches 
cuts the various hyperbolas, the constant cutting speeds they represent can 
be read off directly on the N-scale. 

We are now in a position to draw a torque-revolution (T — N) diagram 
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for a lathe of any giyen height of centres. The product of the greatest 
torque of which a lathe is capable into the spindle revolutions at which it 
can be taken is clearly a measure of the power of the lathe. 

[For 33,000 CHP = Fv = ?^^ = ^r)N = JtN] 

In fact, TN = 63,024 CHP, where T is the torque in foot-lbs., N the 
tM)rresponding spindle revolutions, and CHP the net (or cutting) horse- 
power. 

We might, therefore, again describe a number of rectangular hyperbolas 
having N for ordinates and T for abscissae, and mark each of them with its 
appropriate horse-power as depending on the sizes and desired capacities 
of lathes. 

It would appear to be sufficient, however, for the purpose of studying any 
given case to set off the torque and spindle revolutions from the (F — r) and 
(N — r) charts already given, as and when required. 

An example will show how simply we may proceed. 

To draw the torque-speed diagram for a 6-m. lathe, assuming ihe standard 
area and cutting speed to be given by our rules. 

On the (F — r) chart, the intersection of the vertical through r = 6 inches 
with the GH curve gives 1260 lbs. (area of cut = 0-0056 sq. in.) as the 
standard cutting force F.. The intersection of the hyperbola through this 
point (6, 1260) with the 12-in. vertical (TT) gives 630 ffc.-lbs. as the 
standard torque. 

On the (N — r) chart the intersection of the vertical through r s 6 inches 
with the curve AB gives N, = 61*2 revolutions per minute, as the spiodle- 
speed at which the standard cutting speed (corresponding to area 0*0056 
sq. in.) will be obtained on a diameter of 12 inches, equal to that of the 
face-plate. 

We therefore set off on Fig. 242 the point e, having 61*2 for ordinate and 

630 for abscissa; and through it draw a rectangular hyperbola, having the 

3600 
axes of T and N for assymptotes. The greatest value of N is — j— or 

Ity = 600 ; the lowest value of N is 61'2 {vide Table XXVI., p. 36) for a 
high-speed steel lathe. 

The hyperbola need not therefore be extended beyond the points 
oa a 600 and od a 630. 

Any point (/say) on this hyperbola wUl give, by its co-ordinates, oe 
and efy the torque (in foot-pounds) of which the lathe should be capable, 
and the corresponding spindle-speed, if the available net (or useful) horse- 
power were the same throtighotU its range, and if every possible spindie-speed 
between ^g arid N| were availaMe. 

Given, now, the size of belt, the diameters of cone steps, and the gear 
arrangements of the headstock of the lathe we are examining, we must 
inquire whether, and to what extent, its belt can deliver through the gears 
the torques indicated by the above hyperbola ic at all the various spindle 
speeds. 

If we neglect friction the power given out by the belt equals that absorbed 
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by the tooL In tiiat case we have — ^belt-torque x cone revolutions = tool* 
torque x spindle revolutions. That 



PBg^w = ?^N = TN if r = 12.in. 

.•.T = Pb| Jft-lbe. (181) 

Here T = torque at tool in foot-lbs. 

P = efifective belt pull per inch of width, 
B = belt width in inches. 
(A, B, C . . .) ^ = ^^^ stop diameters in inches. 
n = cone revolutions per minute. 
N » spindle revolutions per minute. 
When the cone is directly coupled to the spindle n = N, and we have — 

T = PB^ft.-lbs (182) 

When a back-gear of ratio B is interposed between cone and spindle, we 
have n = EN ; in which case — 

T = PB2^ g (183) 

If the countershaft speed (or speeds) and the proportions of the cone step 
are given, then the various spindle speeds are known. Thus, for one counter- 
shaft speed, four cone steps and one back-gear — 

Nj = ^ and as above T^ = ^ -^ 

T, _ (PB)C 
la - —24- 

T -(£M 
As - 24 

T <?M 
« A4 = 24 



JNj 


= "U 


Ns 


cC 
~ B 


N4 


cD 
~ A 


Nj 


cA 
~DK 


No 


cB 
~CR 


N7 


cC 
~BE 


Nb 


cD 
~AR 



T - (PB)P 
■^»~ 24R 

" • 24R 

T - (PB)B 
^'~ 24E 

T - (I'B)A 

^~ 24K 

Here e = the countershaft revolutions (here one speed only) ; A, B, C, and 
D are the cone step diameters (here four in number) ; and B is the back-gear 
ratio. (PB) = efifective belt pull lbs. 

In a particular example (named B, Rg. 242, also Diagram I., by us) of a 
lathe of 6-in. centres made by a well-known firm, the four cone steps were 
of 5-in., 7-in., 9-in., and 11-in. diameter, each 2} in. wide. The countershaft 
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speed (c) was 160 revolutions per minute, and the back-gear ratio (R) 
was 8 to 1. 

We have, therefore, for this lathe — 

N, = MfL1.352 andT, = 5-A^^ = 39 

N.« 160^19 ,206 .. T.»7-^i^^ = 55 

K. = l«OJ<i =124 .. T3 = «-^<^^ = 70 

N,,160f5 = 73 .. T, = llimA2i= 86 

^• = TW - 26 » Te= „ =418 

N7 = ^|^ = 15-5 „ T,= „ =531 



9x8 
„ _ 160 X 5 _ q 



= 650 



It will be noticed that for T{ to Ts we have multiplied by 0'9. This is 
to allow for the frictional loss due to the two pairs of gears interposed 
between cone and spindle when the back-gear is in operation, the efficiency 
of each pair being taken at 0'95. Strictly speaking, some allowance should 
be made if only for journal friction upon the first four speeds also, but we 
have neglected this. 

These results have been plotted on Diagram I., and are shown as horizontal 
dotted lines. 

Inspection shows at once how very much the lathe, as constructed, falls 
short of the standard requirements we have postulated ; notwithstanding the 
fact that we have allowed an effective tension of 75 lbs. per inch of width, 
which is nearly double of the proper value, for such small pulleys. 



CHAPTER XLI 

THE TORQUE-SPEED CHARACTBKISTIO OF A LATHE— ITS PROPERTIES — ITS 
VALUE AS AN INDEX OF THE CAPABILITIES OF THE HEADSTOCK FOB 
ECONOMICAL CUTTING 

In order to obtain in a concrete form, and not merely qualitatively, the 
economic value of different designs of lathe, as affected by the number and 
ratio of the different spindle speeds and the net torques available for actual 
cutting at each, we propose to consider the torque-speed diagram somewhat 
more closely, and to discover what relations exist between the form and area 
of that diagram and the weight which can be machined off per unit of time 
by the lathe to which it belongs. 

As we have already explained, the hyperbola be (Figs. 242 and 243) 
shows the relation which must exist between torque and spindle speed 
if the lathe is to be able to take the standard area of cut on every 
diameter of job within the compass of the machine. Thus o*c (Fig. 243) 
represents the torque needed to take that cut at radius h; therefore 
mf (half of od), which measures the torque at spindle revolutions ef 
(twice dc), coiresponds to the standard cut taken at radius r = ^A, 
whilst o'f means a cut of area half the standard taken at radius -= h. 
In what follows, we shall denote these two different cuts, both re- 
quiring the same torque by the equal but differently situated abscissae 
mf and (//'. Thus mf will represent the standard cut a, taken at radius 

r = -^A, whilst o'f will stand for a cut of area a = -— X a, taken on radius 

(/c 
h = —-Jl In either case the power required is the same, and is equal to that 

represented hy oe.ef oiod , dc. The rectangles oe . ef and od . dc are equal, and 
they represent not only the product of torque and speed (i.e. the power), but 
also the weight removed per unit of time.^ In the same way, if any other cut 
whose area is to that of a cut requiring torque mf as mk is to mf be taken at 
spindle speed ef, then the weight cut per unit of time will be proportional to 
rectangle or .rh Now, if the lathe were capable of every possible speed 
between oa and dc, and if the tool steel used could stand it, the given cut mJc 

1 For the weight cat per running hour is W =,60 x 12/tai; = 207av. 

Now ™ = -i2- = T2-= 12ir=4^ 

9» 907 V 9ir TN 

/. W = 907 X ^TN = ^^ooO-TN = ^^ lbs. per hour. 
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would be taken at spindle speed rp (p being the point on the hyperbola be 
vertically above k), and the weight removed would be as or . rp, and would be 
thereby again raised to the standard rate of removal represented hj od.dc 
or oe , ef. 

If the cutting power of the steel were equally great at all speeds, that is, 
if the cutting speed could be raised at the same rate as the area of the cut is 
lowered, only one spindle speed would be necessary I 
Metal would then be removed at the same rate per hour, 
whether by, say, four light cuts at 40 feet per minute, or 
one heavy cut (four times as great) at 10 feet per minuta 
The only diiference would be due to the loss of time in 
drawing back the saddle. 

As a matter of fact, however, the governing factor in 
this question is the capacity of the tool steel. We 
know, e.g, (vide Fig. 4, p. 10, Chapter II.) that if the 
steel is being worked up to its limit when taking the 
standard out a„ represented by mf (Fig. 243) on radius 

r = 2 *^ spindle speed ef, then it will not be capable of 

taking a cut mk at speed rp on the same radius, r. Its 
capacity would be represented by some such curve as fq 
(shown dotted ^), and the highest spindle speed at which 
it would be economical to work the tool steel (on cut mk) 
would be that represented by rq. The rate of removing 
metal would then be shown by the rectangle 
or . rq (less than or . rp). It is clear that, since 
the steel curve fqt continually recedes (left- 
wards) from the hyperbola (of constant weight 
removed) te,a smaller and smaller rate 
of weight removal accompanies a 
>^1^ lighter and lighter cut, the cut being 
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M 



»w 
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\J 
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I 
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V> 



assumed to be always taken at the highest economic steel capacity. Thus a cut 

* To draw such a curve as /g, we proceed as foUows : Ascertaiii from Pigs. 2 (or 8), P-pi^^^ 
proper cutting speed v, which high-speed steel can take, when removing the given " standard " 
area of cut a, on steel (or cast iron) which corresponds to the size of lathe under disouasion. 
Then this cutting speed v, must be represented by the ordinate ef (Diag. 5). 

SimUarly rq must represent, on the same scale as ef measures «„ the cutting speed v 

(obtained from Fig. 2) of which the tool steel is capable, when taking a cut of area ^;^^ 

This is obvious, for as both cuts are removed at the same radius, their areas are proportional 
to their torques, and if w/be assumed to measure a cut of standard area a„ mk wiU measure the 

- .mk 
area of a cut — .a,, 
mf 
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represented by mf fof area —fl^ taken at spindle speed on, corresponds 

to a weight removed per unit of time proportional to the area of the rectangle 
im.nt. If through t and q we draw hyperbolas tu and qx, the axes being 
oa and od, the above area on,nt is the same as om . mu,, which is less than 
om.mx (= or,rq), and much less than (?m.m/, the standard rate of weight 
removal. Thus the heavier the cut, the more metal can be removed per unit 
of time by a lathe having every possible spindle speed, because the weight- 
removing capacity of the steel is greater the heavier the cut. 

We have, so far, only considered those cases in which the limiting weight 
which could be cut per unit of time was fixed by the tool steel, not by the 
lathe ; for we assumed, in the discussion, that every possible spindle speed 
between oa and dc was available, and that torques represented by the abscissse 
of the curve Jc could always be counted upon at the tool. We must now 
take the actual case, and see what effects are produced upon the weight which 
can be removed, (a) by gaps in the spindle speeds, and (6) by torques less 
than the above required values. 

(a) Effect of Gaps in Speed Curve. — Suppose, therefore, that the lathe 
has no spindle speed between those represented by on and om (Fig. 243), 

and that the same area of cut (a) represented by mkla=: —A, J has to 

be removed from a job of the same given radius as before \r = r^ ). 

Then, so far as the capacity of the steel is concerned, the cut could be 
taken at the highest speed on by first (twice) removing a depth proportional 
to mt' instead of mk, and then taking the rest of the required depth of cut 
off the bar at such an increased width of traverse that the area of cut taken 
the last time over is the same as that (represented by mif) taken the first 
time over. The time rate of weight removal would then have been the 
same for all the cuts, and would be represented by on . nt. 

On the other hand, the whole depth of cut might have been taken at once 
at the lower spindle speed om, and the rate of weight removal would then 
have been proportional to om . mk. 

Through t draw the (heavy line) hyperbola tu (axes oa and od). Then, 
since on.nt = om. mu, and om.mu is greater than om. mk, we see that it is 
better- to go more than once over and take the cut at the higher spindle 
speed on than to take it (in once) at the lower speed om. 

This is true for all areas of cut corresponding to points on the horizontal 
line m/ lying between if and u. 

Any cut greater than that represented by mu, such as rnx, can be more 
quickly removed at the lower spindle speed om ; for om . mx, which then 
measures the (time) rate of weight removal, is greater than om.mu, which 
would give that rate for machining at the higher spindle speed on in the 
manner above described. 

From all of this it follows (still speaking of a job of the same radius) that 
cuts (proportional to) mf, mx, mu, mk, and mt', which, if the spindle were 
capable of turning at every speed, could be removed at rates represented by 
om . mf, 08.SW, oi. iv, ol . Iq, and on . nt can actually, owing to the gap between 



362 LATHE DESIGN 

the spindle speeds om and on, only be removed at rates proportional to 
om.mf, am.mx, om.mu, oy.yz, and on.nt. 

The ratio of the weight really removable by the lathe to that of which 
the steel is economically capable is therefore shown by the ratios of the 
lengths — 

ef Bx ju rz ^ Ct 

If all the possible cuts between mJt and m/ are equally likely to occur in 

tiie course of a year upon a job of radius r as -^^ it will appear that the 

weight actually machined off per annum by a lathe having no intermediate 

spindle speed between om and (m will bear the same proportion to what the 

steel is capable of upon a lathe possessing aU these intermediate speeds 

which the area ontzuxfeo bears to the area orUqywfeo. 

Consider next what happens when working upon a job of some smaller 

OE 
radius r = -^ A, say ; for which MF gives the torque for the standard cut a,. 

The tool steel curve must be freshly drawn for the new point F, lying on 
le vertically above E, which represents this smaller radius ; since for the 
standard area of cut a^ (now represented by MF), the economical cutting 
speed of the tool (which is the same as before) is now given by the height 
£F to a different scale. 

Let therefore TFHR be the new steel curve drawn to its proper scale for 
the smaller radius. 

The spindle speeds being stiU om and on only, but a torque represented 
by ?iW corresponding to the full power of the lathe being available at the 
higher speed, weight removal will proceed for cuts from MT' to MF at rates 
represented by points on the hyperbola TS drawn through T in wW, where 
the steel curve EIHFT cuts the latter. 

The weight-removing efficiency of the spindle speed on^ when working on 

OE 
a radius r = -jh, is therefore represented by the ratio of the area under 

the hyperbola TS to that under the tool steel curve TF. 

Cuts greater than a«, such as MI', could be taken by the steel at a spindle 
speed oh = YI, if such existed, and if the torque available at this speed were 
not less than hi s MI'. 

Since this is not the case, the said cut must be removed by going over 
several times at the given higher speed on, and weight removal will only 
proceed at rates represented as before by the hyperbola TS produced For all 

(OE \ 
r = ~~T^\ ^•^« greater than MF, the weiglit- 

removing efficiency of the spindle speed on is the ratio of the area under 
the hyperbola TS produced down to vertical ef to that under steel curve FIR. 
Now, if it be granted that cuts of areas from ^« to a« are of most 
frequent occurrence on every diameter of job, and that the weight-removing 
efficiency of the headstock should be judged with reference to such cuts 
rather than to cuts greater than a« [such as those last referred to (MF to MF)], 
then the tiiangle-shaped areas TFS and tfJ] show the losses incurred when 



THE TORQUE-SPEED CHARACTERISTIC OF A LATHE, ETC. 363 



such cuts are taken by means of spindle speed on on jobs of radii -?& 



J 06 , . . 1 , . , . . - area onTSE , ^ area ontJJeo , 

and — 3A respectively, and the ratios of ?=vsw and of r^— show 

oa ^ •" area (wiTFE area tm^/eo 

the weight-removing efficiencies of that speed on those jobs. 

If all the possible cuts between -^ and a^ upon any of the diameters of 

job between —fh and -^A are equally likely to occur in the course of 

the year, the general result is that the average weight efficiency of spindle 
speed on will be measured by the area under that curve drawn from T to U 
which is the locus of S, as MF passes from nW to m/, and the weight- 
removing efficiency of the speed on will be the ratio — wpy"- 

This result must, however, be modified in view of the fact that the 
greater the number of times the surface of a job has to be machined over — 
that is, the oftener the saddle has to be returned along the bed, and the more 
frequently the tool must be reset to a fresh cut or different traverse by the 
turner — the greater must be the waste of time both by him and by the 
machine. 

In Kg. 243 the cut nW (i.e. a, upon v = -rj-f^) can be taken without any 

loss, because the steel is capable of it at the spindle speed on, and because 
this spindle speed and the torque required to take a, on the given diameter of 

job are both available. The cut MF (i,e, a, on r = —r h), however, has to be 

taken twice over (in portions each equal to MT' at spindle speed on ; and 
the rate of weight removal, viz. oti. »T (= OE.ES), indicated by the point 
S on the hyperbola TS is really too &vourable. Similarly, cuts such as mk or 

mf {i,e. cuts -^ a, and a. itself on radius r = -^ A), if taken at spindle speed 

on, can only be removed by several successive cuts of area mt! (= nt); and 
the rate proportional to oy.yz ss oe. e\J, which theoretically gives the rate of 
removal, is really far too high. 

We have found that a more reasonable approximation to the rate of 

9lVI 

weight removal of all such cuts as from Ja, to a, on jobs of radii from -~^h to 

-^ A is obtained by taking, instead of the curve WSTJ (locus of S), the straight 

line WE' drawn from W which bisects the angle between the vertical through 
W and the tangent to the hyperbola be passing through W. This line WE', 
drawn to cut the next speed, say mf iiiD, will more truly represent by the 

^at^^ ^ ^ — TTr^ the fraction of the weight 
area = onWFfe ^ 

removable by the given speeds on and om 
that removable by a lathe with every speed 

The characteristic should obviously leave the straight line WD and go 
along the horizontal D/ of the next lower speed ; since the rate of weight 
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removal for all cuts such as MF would be increased by taking them at 
speed om rather than on (the rate of removal at speed <m is oE.E;*; but 
for the higher speed on it is OE . EE'). 

(6) Effect of DefeotlYe Torques.— If, now, instead of a torque equal to 
TiW, one equal to nt only is provided at spindle speed on, we see at once 
that the weight removable is no longer limited by the capacity of the tool 
steel, but by the pulling power of the belt With any cut from mi to mf, 
or from M^ to MF, weight removal at speed on can take place at no greater 
rate than on . nt (where nt is the actually provided torque at revolutions on). 

Thus, if there were no loss due to sliding back and resetting when a given 
area of cut has to be machined in several successive cuts of smaller area, 
the ratio ^^ight remo vable at speed on with torque rU ^^^^ 
weight removable with every spindle speed provided 

ontXJe 
onWfe 

It would be, here again, more economical to remove cuts greater than 7nu 
at the lower speed om, and the correct eflBciency wiU therefore be given by 

., .. ontufe 
the ratio — ^^i^ • 
onWfe 

Allowing for loss of time due to sliding back and resetting, the efficiency 

ratio becomes — 

y ^ onteD/e 

^ ~ onW/e" 

Finally, if a torque equal only to mif had been provided at the lower 
speed om, the rate of weight removal at that speed could not exceed om . mt^. 
The point 8 where the hyperbola through if cuts the bisector WDSE would 
indicate the cut for which an equal rate of weight removal would then be 
given by either of the spindle speeds (on or om). For cuts of greater area the 
lower speed would give better results, and the weight removal characteristic 
curve should thereafter follow the hyperbola SX. 

Thus we obtain the law for drawing the characteristic — 

Law. — The bisecting line (above described) dravm from the intersection of 
any spindle-speed-line prodticed to cut the power curve (be) become part of the 
characteristic wlienever it forms the intercut between the hyperbolae through the 
torque extremities of tJcat spindle speed and the next, below. If the torque li)ies 
extend beyond the bisector, then the bisecting line forms part of the characteristic 
between those torque lines themselves. 

The method of drawing the characteristic will, however, be best 
understood by reference to the practical examples given below. 

The method of studying headstock efficiencies here developed (but by no 
means exhaustively treated) seems to ofifer advantages which should render 
the question of its adoption by lathe designers at least worthy of inquiry. 
It may serve similar purposes for them which the combined indicator 
diagram fulfils for the steam engineer. 



CHAPTER XLII 

APPLICATION OF THE TOBQUE-SPEBD DIAGRAM AND THE LATHE CHAEACTERI8TIC 
TO EXAMPLES FROM PRACTICE 



Example I. — The first example of the application of our method to the 
determination of the economic efficiency of a headstock is that already 
referred to at the end of Chapter XL. The method of plotting the 
characteristic for the given lathe (whose torque-speed lines ij,bloz have 

been obtained as shown numerically at the end 
of Chapter XLL) ia as follows (^mic Diagram L) : — 
To any convenient scales set off the greatest 
and least spindle speeds and the torque corre- 
sponding to the latter as ordinates and abscissae. 
Thus we obtain^ 

3600 3600\ „^^ 

-J- = ~Y~) ^ ^^^ ^^^^^ ^^ ^*"^" 

12,800 , 30x ^, , 

nd ^ f^ - 224,000 y A> _ 35A8 
12 ~ 12 K (5400 ~ 12 
= 630 ft,-lbs. 




Torque Speed Diagram for d-in Lathe (cone on spindle). 

DUORAM I. 

Then b and e are points on a rectangular hyperbola of constant power 
which we take as the standard of reference, or the characteristic of a perfect 
lathe. 
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Next set off iy= 39 ft.-lbs. 
at spindle revolutions (A = 352 ,, f as found in Chapter XL., 

Also U = 55 „ \ p. 352 ante, 

at spindle revolutions ok = 206 



I 



and so on for every spindle speed the lathe possesses. 

Place the diagram (which is preferably upon tracing-paper) upon the 
(N — t) chart so as to enable hyperbolas to be drawn where required with 
facility. Thus the hyperbola of standard power hc^ also those through the 
ends of the torque lines for each spindle speed, can easily be obtained (e.g. 
jt. Is, etc.). 

Through the points F, G, etc., where the spindle speeds provided cut 
the Ic line, draw straight lines F^, Gh^, etc. (bisectors of the angles between 
verticals and tangents through F and G) in the manner above indicated. 
F^ must form the intercept is^ and Ou the intercept wo between the two 
hyperbolas drawn from its own and the next lower spindle speed torque lines. 

In the present instance the line Qu cuts the torque line xy nearly in u. 
This means that more weight can be removed by making use of speed ax 
rather than any of the higher speeds with which the headstock is provided, 

if the job be of greater radius than —^h. 

The fact that the hyperbola through y (carried out to the vertical cd) passes 
above all subsequent hyperbolas, such as those through y, y", and y"', shows 
that a greater rate of weight removal can be effected by using the spindle 
speed ox rather than any of the lower ones with which the lathe is fitted. 

In fact, the spindle-speeds 124, 73, 26, 15'5, and 9 might be entirely 
dispensed with, without any diminution of the weight-removing efficiency of 
the headstock so far as high-speed steel is concerned. Speeds 26, 15*5, and 
9 will, however, be of use for work with carbon steel, or when cutting very 
hard materials ; but speeds 124 and 73 are apparently quite valueless. 

The area shown shaded in Diagram I. measures the inefficiency of this 
lathe relatively to our high-speed steel standard odbcd. The ratio of the 
unshaded to the latter area, which we have called the weight-removing 
efficiency, gives a good estimate of the value of the headstock as an 
economical cutting machine relatively to one having a continuously variable 
speed revolution sequence, and capable of giving such a torque as each speed 
as corresponds to the standard horse-power we have postulated. This ratio, 
which we have denoted by 2, has in this instance the value ^ = 0*38, and 
by referring to Fig. 241, ante, we can at once set down the increased cost 
which is incurred in the removal of one ton of steel by the use of the 
defective design of headstock now under examination. 

The cost of machining one ton upon a " perfect'* 6-in. lathe (one, that is, 
for which 2 = 1) ia by that figure 213 pence, whilst for this headstock for 
which ^ = 0'38, the cost is 365 pence per ton. This means an increase firom 
12s. Srf. to Vis. 9d. per ton, or over 71 per cent, increase upon the minimum 
cost. 

This, it may be remarked, is by no means an exceptional case. It is a 
type of lathe in very common use, made by a first-class manufacturer, and 
sold by him as being a suitable machine for use with high-speed steel. 




Fig. 244. — Headstock for 12 to 14-in. Centres Lathes (Bcckton). 



PRACTICAL APPLICATIONS 
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Example II. : 6-in. Centres Latlie, Cone on Spindle. — Diagram II. shows 
another example of a 6-in. lathe treated in exactly the same way. Whatever 
may be the practical value of the three lowest spindle 

g;fsi^eds, tiiowe having the miiuerical values 219, 162, 
and 1120 appear to us entirely superflaous, and a useleaa 
adtlition to the first cost of the headstock. The value 
of $ for this lathe ia 0735, 



N 



'mm. 




^ d T 



Torque Speed Diagram for 6'in. Lathe, 

Diagram II. 



Its cost for machining one ton is therefore 250 pence instead of 213 
pence ; this corresponds to 35. Id., or 17J per cent, additional to the proper 
charge upon a lathe of this size. 

Example III. : 12-in. Centres Lathe, Cone on Spindle (Fig. 244, and Diag. 
III.). — The headstock for the 12-in. centre lathe by J. Buckton & Co. is shown 
by Fig. 244. In this lathe, which has been specially designed for taking heavy 
cuts and feeds at a high speed, the headstock is continued down to the floor, 
and forms a box casting containing and protecting all the driving gear and 
feed gear. The spindle is of steel, with front neck 5J in. diameter by 7i in. 
long, running in gun-metal bearings. The belt cone has four steps of 
diameters 24 in., 21 in., 18 in., and 15 in., and width of face suitable for a 
5-in. belt. There are two changes of gearing : a ring of gear upon the face- 
plate giving ratios of 3'75 and 14 to 1, and a total range of twelve speeds 
uniformly graded in geometrical progression over the whole range; the 
changes of gear being effected by handles conveniently situated on the front 
of the headstock and interlocked. There are eight changes of feed, operated 
by positive gearing arranged in uniform steps from ^ in. to J in. These 
can be easily changed without stopping the lathe by a handle conveniently 
placed at the front of the headstock. 
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The saddle and slide rests for this machine were described on p. 262, anU^ 
and are illustrated by Fig. 161, at the end of the book. 




The loose headstock is provided with a steel spindle of 3^ in. diameter, 
having adjustment by screw and hand-wheel, and can be locked in any 
position. 
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Two counter-motion speeds may be supplied with the machine. For this 
size they are 200 and 170 revolutions per minute. 

On Diagram III. we have shown the power curve for a 12-in. lathe, and 
have plotted the torques and spindle speeds as deduced from the specifications 
for a 12-in. and for a 14-in. lathe supplied to us by the makers. They are 
tabulated below. 

We have made no deduction for journal Motion or other loss when 
running direct ; but for the back-gear spindle speeds we have assumed that 
the mechanical efficiency of each pair of gears is 0*95. The annexed schedule 
gives the speeds and torques for the higher countershaft speed only. Those 
for the lower speed are shown by the dotted lines of Diagram III. 

N. = »^ = 8a0 T. =(5^») X 16 = 284 

aoo X 21 

N, = "^{^ = 283 T, = „ X 18 = 280 
N. =. ???^ = m T, = „ X 21 = 827 
N4 = ^^^^ = 125 T, = „ X ' 24 =874 

N, = g^x 820 = 86 T, = 5-^ X 16 x 8-76 X (0'96)« = 790 

N, = „ X 288 = 62 T, = „ x 8*76 x (0-96)« x 18 = 944 
N, = „ Xl71= 46 T, = „ „ „ X 21 = 1100 
N, = „ Xl26= 88 T, = „ „ „ X 24 = 1260 

N, = ^^^ X 820 = 28 T, = ^^^ X 14 X (0-96)« x 16 = 2960 

N,. = „ X 283 = 17 T,. = „ „ „ X 18 = 8680 
N„ = „ X 171 = 12 T„ = „ „ „ X 21 = 4180 
N„ = „ X 126 = 9 T„ = „ „ „ X 24 = 4720 

An inspection of Diagram III., in which these values of N and T have 
been plotted, shows that they are well up to, and in many cases in excess of, 
the values required by our standard torque-speed diagram for a 12-in. lathe. 
It ought to be mentioned, in explanation, that the makers supply the same 
identical headstock for both their 14-in. and 12-in. centres lathe, and that 
this headstock might more properly have been compared with our 14-in. 
torque-speed power curve. 

The '^ bisectors" have been drawn as indicated; but as the hyperbolas 
through the ends of the actual torque lines Ue to the right of them, these 
bisectors are in this case terminated by the torque horizontals themselves. 
The shaded areas show the losses incurred by the gaps in the continuity of 
the spindle speeds ; but allowing for the torques in excess of our power curve, 
the efficiency of the characteristic for this lathe may be taken at imity. The 
cost per ton of steel machined (assuming that this lathe costs no more than 
£210, as per our formula, C = 5A*) is, according to Fig. 241 (12-in. lathe, ? = 1),. 
275d. or 23a. per ton. 

The salient feature of this lathe characteristic has reference to the spindle 
speeds (shown dotted in Diagram III.) provided when the second or lower 
countershaft speed is supplied. Our diagram proves that cuts taken with 
those spindle speeds could in every case be removed more economically by 
using either the next higher or the next lower (spindle speed) obtainable 

2 B 
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from the single or higher counter-motion speed alone. The addition of the 
second counter-motion speed, though ostensibly doubling the number of 
spindle speeds available, is of no advantage whatever, and, in reality, detracts 
fix)m the eflBciency of the headstook by enabling the turner to run at cutting 
speeds below the proper capacity of the steel. 

Examples IY. and Y. — 13-iiL Centres Lathes, by Messrs. T. Byder and 
Sons. Example 4, Ccme on spindle (Fig. 245 and Diag. IV.) ; Example 5, 
All-gear head (Figs. 246, 247, 248 and Diag. V.). 

In lathes from 8 to 16-in. centres, Messrs. Byder mount the cone on the 
spindle, but step the bed in order that the diameter of the largest cone step 
may at least equal 2h, The diameter of the bottom step is only 25 per cent. 




Fig. 247. — Abbangememt of Geab fob IS-in. Headbtock. 



less than the top step, thus giving practically a uniform tension of strap 
throughout the system, and permitting the smaller step to retain its place in 
the system. 

These machines are fitted with two countershaft speeds and two sets of 
back gears, which give 24 changes of speeds, with a ratio of 80 to 1 to the 
spindle. The back-gear wheels are put in or out of action by a handle 
conveniently pljwed at the front of the headstock, which operates the levers 
^n the eccentric bushes in the headstock cheeks ; whilst a second handle, also 
at front of the headstock, engages either one or other of the sets as shown in 
Fig. 245 (at the end of the book), which represents the 13-in. lathe. This 
machine has an emery grinding head fitted to the back of the saddle, which is 
actuated transversely by a handle at the front of the saddle, and is driven from 
a drum on the countershaft. The saddle is traversed along the bed by the 
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usual feed mechanism, whilst the reversing gear in the saddle is actuated by 
the handle at the lower left-hand side of the saddle apron. The rectangular 
rod fitted to the bed above the feed shaft is provided with trip dogs which 
act as an automatic "knock out" to the feed mechanism, or a reverse for 
grinding. These machines are, in our opinion, characterized by the attention 
which in their design has been given not only to strength, rigidity, and power, 




but also to handiness and convenience of operation. The principal dimensions 
of four sizes of cone-driven lathes are given in the table on p. 372. 

A general view of an 18-in. centres high-speed lathe with cone mounted 
on a side shaft is shown by Fig. 165, at the end of the volume, and the 
following describes it in detail. 

The fast headstock is provided with a five-stepped cone, and one single 
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and two treble gears. The arrangement of the cone and gears is similar to 
that shown in Fig. 53, p. 114, but with an internal faceplate wheeL The 
gear ratios are as follows : Single gear, 6 to 1 ; treble gears, 22 and 85 to 1. 

Pabticulabs 07 Thomas Rtdbb and Sons' " Massivx " High-sfebd GumNO Lathbs. 



Height of centres . 

Bed, width . . . 

Pzoportion of gearing^ 

in the fast headstooK/ 

Ck)ne diameterfl . . X 

Width of helt on cone 
Front bearing ofl 

spindle f 

Bear bearing of j 

spindle / 

Depth of out X traverse 
Diameter of loose! 

headstock spindle ./ 
Lathe will swing over^ 

carriage | 

Will swing in owning) 

without gap-piece ./ 
Length of bed . . 
WiU admit between! 

centres / 

Size of counter pulleys! 

Approximate netti 
weight I 



Bin. 
141 in. 

l^tol I 
4 speeds, 
174 to lOH in. 
8) in. 

8J X 6 in. 

21 X 4? in. 

*xAin. 

21 in. 

11} in. 

24x7 in. 

8 ft. 

8 ft. 41 in. 

18-in. diameter 
for 81-in. belt 

42 cwts. 



10 in. 

18 in. 

Idl to 1, and 

41tol 

4 speeds, 

21 to 15t{ in. 

81 in. 

41 x 7} in. 

8 X 61 in. 

Hxjin. 

8 in. 

14} in. 

80x9 in. 

10 ft. 

4 ft. 4 in. 

2()-in. diameter 
for 4.in. belt 

78 cwts. 



18 in. 
281 in. 
211 to 1, and 
41tol 
4 speeds, 
26 to 191 in. 
4} in. 

61 X 9 in. 

4 X 61 in. 

JxAin. 

81 in. 

19} in. 

40 X 12 in. 

18 ft. 9 in. 

6 ft. 6 in. 

24-in. diameter 
for 41.in. belt 

146 cwts. 



16 in. 

29 in. 

241 to 1, and 

6 tol 

4 speeds, 

84 to 26 in. 

5 in. 

6} X 11 in. 

6 x8}in. 

Axftin. 

4 in. 

24 in. 

48 X 16 in. 

16 ft. 8 in. 

6 ft. 9 in. 

82-in. diameter 
for 61-in. belt 

200 cwts. 



A two-speed conntershaft is provided, thereby giving thirty changes of 
speeds to the spindle. The diameter of the top and bottom cone steps is 
30 and 20 in. respectively, and all are wide enough to receive a 5-in. belt. 

The cone shaft and main spindle run in phosphor bronze, adjustable, 
capped bearings. The spindle, which is of high carbon, hammered steel, has 
a front neck 8 in. diameter by 11 in. long, and the rear bearing is 5 in. 
diameter by 9\ in. long. The end thrust is taken by ball bearings. The 
four-change feed to the saddle is placed at the back of the lathe, but con- 
trolled from the front, and either or both of the saddles can be engaged by 
suitable mechanism on each. 

The saddles are mounted on a three-way bed, similar to the 16-in. bed 
shown in Fig. 216, and is 29 in. over the ways and 19 in. deep. The front 
way is made specially wide to provide a support to the saddle when operating 
on work of large diameter. The guide-screw is of steel, 3 J in. diameter by. 
\ in. pitch, and engages with the saddles by means of double-clasp nuts. 
The front wing of the saddle is extra long, and a solid square lip running its 
full length bears on the inside vertical face of the front way of the 'bed, 
whilst a similar lip and adjustable tapered strip bearing on the outer vertical 
face preserves the lateral alignment of the carriage. Two long adjustable 
strips fitted to the saddle, and bearing on the underside of back and front lip 
of the bed, hold the saddle in position. 

The rear wing of the saddle is cut away to allow of the loose headstock 
being brought close to the work without undue overhang of the spindle. The 
loose he€tdstock spindle is 4^ in. diameter, and both the barrel and base are of 
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extra length. The fast and loose headstock centres are made to No. 6 Morse 
taper. 

The machine throughout is of substantial proportions, and made to take 
7 ft. between centres, with a bed 15 ft 6 in. long, to swing 28 in. diameter 
over the saddles, and 50 in. diameter by 15^ in. long in the gap. 

Figs. 246, 247, and 248 show the 13-in. centre all-gear head lathe, by this 
firm. It is arranged to be driven direct from the line shaft, or if more than 
one speed to the pulley is desired a countershaft is provided. 

The arrangement of the gear is shown in Fig. 247. The driving pulley is 
keyed to the shaft carrying the pinions A and C, which are also keyed to 
a sleeve, and free to sUde on the shaft. These two pinions are made to gear 
with the wheels B and N on the second motion shaft, situated immediately 
below the pulley shaft, by means of a claw, rack, and pinion actuated by a 
hand wheel on the front of the headstock. The wheels E, F, and D are also 
keyed to the second-motion shaft, and respectively mesh with the wheels 
6, H, and I, keyed to a sleeve on the spindle, but free to slide on the 
same by means of mechanism similar to the above. The pinion J is also 
keyed to this sleeve. The wheel M and clutch are coupled together and 
keyed to the spindle, the clutch being free to slide forward and engage 
with J when running single gear. E and L are keyed to a sleeve 
revolving freely on an eccentric shaft, and engaged with J and M by 
means of the handle shown at the front of the headstock. 

The gear is so arranged that it is impossible to have more than one set 
of gears engaged at one time, and the double gear cannot be engaged until 
the clutch has been withdrawn. 

The positions of the hand wheels and handles for these various motions 
are clearly shown in the figures, together with dials and fingers which 
indicate tiie revolutions to the spindle for the particular gears engaged. 
All these gears are of mild steel and machine-cut. 

The gears are as follows : — 

Doable gears. Qoadraple gean. 

A, B, E, G A, B, E, G, J, K, L, M 

C, N, E, G C, N, E, G, J, K, L, M 

A, B, D, I A, B, D, I, J, K, L, M 

C, N, D, I C, N, D, I, J, K, L, M 

A, B, F, H A, B, F, H, J, K, L, M 

C, N, F, H C, N, F, H, J, K, L, M 

The reversing wheels (Fig. 248) are of steel, and machine-cut, and are 
large in diameter. They are bushed with brass, and the shafts carrying the 
intermediate wheels are supported at each end by the reversing frame. 
The last wheel in the reversing train gears with a wheel keyed to a loose 
sleeve on the guide screw, whereon are also keyed four other wheels which 
mesh with four others on the feed shaft. Any one of these can be engaged 
by a sliding cotter, which is operated by a lever at the front of the lathe. 

Independent mechamsm is provided in the carriage apron for the self- 
acting surfacing and sliding feeds, and for a fine and coarse hand traverse 
motion. A double clasp nut engages the steel guide screw. The bed is of 
complete box section, and is of a design eminently suitable for resisting 
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torsional stress. The top and bottom flanges within the ways extend the full 
length of the bed, and pass-holes for cuttings and lubricant are provided at 
intervals. The bed is stayed transversely by the usual box bars. The front 
surface is very broad, and the headstock centres are set back from the centre 
of the opening in the bed, to allow of a rigid support to the tool when operating 
on large diameters of wort A rack is cast within the ways to receive a 
chock fitted to the loose headstock for taking the backward thrust of this 
head. The loose headstock is arranged for taper turning, and has a spindle 
3 in. diameter, which is provided with a self-acting boring feed. This feed is 
obtained from the feed shaft at the front transmitting its motion through the 
wheels at the loose end of the bed to a shaft at the rear, whereon is mounted 
a worm. This slides with the head, and gears with a worm wheel on a 
vertical shaft. On this last shaft is a mitre which gears with another on the 
shaft behind the head carrying the spur pinion which meshes with the spur 
wheel on the spindle screw. A clutch at the end of this screw rapidly 
engages or disengages the feed. The whole machine is neat, compact, and 
convenient to handla 

The same lathe is supplied with an electric motor drive when required. 
In Diagram IV. we give the characteristic for the above- 
described 13-10, Eyder lathe with cone on spindle. The 
dotted curve &c shows the standard power curve for 11 
G,H,P, ; whilst the horizontal lines give the torques deduced 
in the manner indicated in the annexed schedule, each at 
its proper spindle speed. 

The weight-removing efficiency is t, = 0^85* This corre- 
sponds to a loss of about 2^. 6d ia the ton of material 
machined {mde Fig. 241, 12-iii. lathe). 

The second counter-motion speeds having the values 96, 
79; 21^25, 17*6 ; 445 and 3-68 are of no use whatever, with 
the possible exception of the last two, which may be of 
service for very slow cuts, as with carbon steeL 

The relatively considerable amount of power which this 
13-in. lathe can transmit, notwithstanding the fact that its 
cone is mounted on the spindle (ia not geared down to it, 
that iSj for the highest spindle speeds), is due to the 
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fla. 



Torque Speed Diagram for 18-in. Lathe (oone on spindle). 
DuoRAM rv. 



stepping down of the bed under the first headstock. This enables, much 
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larger diameters of cone step to be used than ordinarily ; so increasing not 
only the belt speed, but the effective tension which any given belt can 
transmit per inch of width. 



Id-IH. liATHB. OONB ON SpINDLB. 

Cone step diameters, 26, 28}, 21), 19f x 4) wide. 

Countershaft speeds, 105 and 225. 

Belt width taken at 4 in. ; effeciwe tension, 75 lbs. per inch width. 

Gear ratios, 4*5 and 21-5 to 1. 



^ 225 X 26 
^» " 19-625 


= 


298 


T, = 


(*-4^) 


X 19-625 


225 X 28-875 
^« - 21-75 
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247 


T. = 




it 


X 21-75 


225 X 21-75 
^» " 28-876 
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205 


T, = 




if 


X 28-875 


^ 225 X 19-625 

^* ^ 26 
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170 


T, = 




tf 


X26 


105 X 26 


= 


189 


T. = 




II 


X 19-626 


^* - 19-625 


^^ 105 X 28-875 
^« - 21-75 


= 


115 


T. = 




II 


X 21-75 


„ 105 X 21-75 
^' - 28-875 
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95-7 


Tr = 




i» 


X 28-876 


-- 105 X 19-626 
^* = 26 
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79-8 
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11 


X26 
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66-8 
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/4 X 75 , 
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ti 
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Tu = 




tf 
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80-9 


Tu = 
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ti 
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N„= „ X 96-7 
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It 
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tf 
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= 245 
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= 298 

= 826 

= 245 

= 272 

= 298 

= 826 



X 21-76 = 1100 

X 28-875 = 1206 

X 26 = 1316 

X 19*626 = 992 

X 21-75 = 1100 

X 28-876 =1206 

X 26 = 1815 



X 21-75 = 5260 
X 28-876 = 6760 
X26 =6290 
X 19-626 = 4760 
X 21-76 =6260 
X 28-876 = 6760 
X26 =< 
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Diagram V. shows our standard power-curve (6c) and the characteristic 
for the 13-in. Byder lathe with all-gear headstock. It is at once noticeable 
that nearly twice as much power is put into this headstock as is called for 
by our standard cut taken at the proper speed for high-speed steel. This 
is accounted for by the fact that, with an all-gear head in use, the belt can be 




•5 ^ 
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run at a very high speed. (In this instance a 4i-in. belt is run at 1900 ft 
per minute. With an efifective tension of 75 lbs. per inch, this is equal to 
18 G.H.P., whereas our standard G.H.P. for this size is 11 horse-power.) We 
have therefore drawn the characteristic of this lathe in relation to its own 
belt horse-power instead of to our standard curve. 
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The torques and spindle reyolntions are tabulated below; the former 
having been deduced from data supplied by the makers with the allowances 
for friction, belt tension, etc., indicated in the schedule. 
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= 480X3jX^ 
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= 400 X „ 
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18-111. All Gbab Hbad. 
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Neglecting the second motion countershaft speed, the ratio of the charac- 
teristic area to that of our standard diagram is ^ s 2'06, which means that 
twice as much material can be machined off by this machine as could be by 
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a perfect lathe supplied only with our standard amount of 11 G.H.P. {vide 
Table XXV. p. 33). A saving of 7s. per ton of steel machined should be 
effected from this cause, provided the first cost of the lathe is about what our 
formula assumes it to be. 

The second coimter-motion speed is, in our opinion, of no use whatever, 
and, in fact, detracts from the weight-removing efficiency of the headstock. 
Its only value lies in the possibility of getting the slowest spindle speeds, 
thereby provided for use with carbon steel or with gapped work. 

Examples YI. and YIL — 12^-in. and 18-in. Centres Lathes by the Hiley 
Kaohine Tool Co., Ltd. Gme on side shaft, 12|-m. Latfie (Fig. 249 and 
Diag. V.) ; IS-in. Lathe (Fig. 250 and Diag. VI.). 

An improved design of headstock for high speed lathes by the Miley 
Machine Tool Co., Ltd., is shown in Fig. 249. The headstock reproduced is 
for a 12i-in. centre lathe, and the design is representative of that adopted by 
the above firm in lathes between 10 J and 18-in. centres. 

The cone is here mounted on a side shaft, and motion is communicated to 
the spindle through a single or treble train of gear. The first motion pinion 
and cone are combined, and rotate freely on the concentric portion of the 
stationary shaft. The shaft is turned eccentrically between the two front 
bearings, and thereon is mounted the second driven wheel and third driving 
pinion ; the latter being keyed to the boss of the former. The arrangement 
is such that by turning the shaft through a fraction of a revolution the last- 
mentioned wheel and pinion are withdrawn from mesh with those on the 
spindle ; the first train (or single gear) only remaining in gear. The first- 
motion wheel and second driving pinion are keyed to a sleeve freely mounted 
upon the spindle. On the boss of the last pinion is keyed a positive clutch 
which engages with the front driving wheel keyed to the spindle. Thus, 
when running single gear, the clutch is engaged with the front driving wheel, 
and the wheels on the eccentric shaft are disengaged, and conversely when 
in treble gear. The gear ratios and spindle speeds, etc., for the 12i-in. 
headstock are given below, and the accompanying tables give the principal 
dimensions of the lOJ, 12J, 15, and 18-ii;i. lathes. The spindles in these 
machines are of mild steel, ground in the necks, which run in parallel 
gun-metal steps. A Hoffmann Ball Bearing is fitted to inside of the tail 
cheek to take the backward thrust on the spindle. The reversing motion 
to the screw-cutting feed is obtained through machine-cut cast steel mitre 
wheels placed between the headstock cheeks, and actuated by the handle on 
the outside of the casing. 

The feed change mechanism consists of four trains of gear, either of which 
can be engaged by a sliding cotter controlled by the handle at the front of the 
lathe, as shown in Fig. 249. 

12i-iN. Gbbtbe HiaH-SPESD Lathe Head. 

GoTiutershaft to run 400 and 500 revolutions per minute. 

Oone Pulley 9 in., 12 in., 16 in., and 18 in. diameter by 5 in. wide. 

l8tGearJi = 8tol. 2nd Gear Jf 4P. ]J 4P. {| 8P. Total 20 to 1. 



Bevs. of cone 

BevB. of spindle in first gear . 
Dia. turned at 70 ft. per min. 
BevB. of spindle in second gear 
Dia. turned at 70 ft. per min. 



200 


250 


820 


400 


500 


625 


800 


66 


88 
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208 
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4 in. 


8-2 in. 


2-5 in. 


2 in. 


1-6 in. 


1-2 in. 


lin. 


10 


12-5 


16 


20 


25 


81 


40 


26 in. 


20 in. 


16 in. 


18-8 in. 


10 in. 


8-6 in. 


6-6 in. 



1000 
888 

0-8 in. 
50 

5*8 in. 



38o 



LATHE DESIGN 



Principal Dimensions of^ the Miley Lathes for High-Speed Steels. 



Height of centres . . . 
Length of bed .... 
Width of bed aoross vees . 

Depth of bed 

Admits between centres . 
(Hp admits (diameter) 
Gap admits (width) 
Driving oone, number of speeds 
Driving oone, largest and'i 

smallest diameters . . . / 
Driving cone, width of belt . . 
Fast headstock, front neck, dia-1 

meter and-lensth . • • . / 
Fast headstock, back neck, dia4 

meter and length . . . / 

Batio of gearing 

Gnide screw, diameter of . . . 
Loose head and spindle, dia-'i 

meter of / 

Speeds of countershaft, revo-i 

lutions per minute . . . / 
SIms of face-plates 



lOiin. 

16 ft. 

17 in. 
12 in. 

10 ft. 6 in. 

id in. 

16 in. 

4 

6 in. & 14 in. 

4 in. 

8i in. X 6 in. 



12iin. 
18 ft. 
21 in. 
14 in. 
11 ft. in. 
52 in. 
16 in. 
4 

9 in. & 18 in. 

5 in. 

6 in. X 8} in. 



16 in. 
18 ft. 
24 in. 
15 in. 
10 ft. 8 in. 
60 in. 
18 in. 
4 

10 in. & 20 in. 

5iin. 

5} in. X 8} in. 



2i in. X 4| in. 8 in. x 5} in. I S) in. x 6} in. 

/3*2tol Stol I 8tol 

\29-8tol . 20tol I 21tol 

2i in. 2) in. 2] in. 

2i in. 8i in. 4 in. 

400-500 400-500 400-500 

20-86 in. 24-48 in. 80-64 in. 



18 in. 
90 ft. 
28 in. 
15 in. 
12 ft. in. 
68 in. 
18 in. 
4 

14 in. ft 26 in. 

6 in. 

6 in. X 9 in. 

4 in. X 7 in. 

4tol 

22-5 to 1 

8 in. 

4 in. 

400-500 
86-60 in. 



The headstock of the 18-iii. centre high-speed lathe by the same firm is 
shown in Fig. 250 (rear view) at the end of the book. 

The driving wheel, instead of being mounted on the spindle as in the 
12i-in. lathe, is fixed to the back of the face-plate, no power whatever being 
transmitted through the spindle. The gear throughout is machine-cut out of 
the solid. The spindle is of steel, having a diameter of 8 inches at the 
front and 4 inches at the rear neck. The thrust is taken on a ball bearing 
fitted at the rear of the spindle. Particulars of spindle and countershaft 
speeds, etc., are given in the table below. The face-plate is fitted with 
removable jaws so that it can be used for chuck or face-plate work. The 
feeds to the saddle and rests are ^ in«, ^ in., \ in., and \ in. per revolution 
of spindle. The loose headstock has a steel spindle 4 inches dia^neter, of equal 
diameter throughout, and being threaded at one end, is adjusted by means of 
a rotary nut and hand wheeL The screwed end projects through the barrel 
end, thus ensuring a rigid support to the spindle when in its extreme outward 
position. 



IS-m. Gknteb High-Spbed Lathe Head. 

Oonntershaft to run 800 and 500 revolutions per minute. 

Gone Pulley 14 in., 18 in., 22 in., and 26 in. diameter by 6 in. wide. 

1st Gear ff x If in. = 618 to 1. 2nd Gear ff x If in. fi X 2^. fi X 2} P. Total 44*7 to 1. 



Bevs. of cone 

Bevs. of spindle in first gear . 
Dia. turned at 70 ft. per min. 
Bevs. of spindle in second gear 
Dia. turned at 70 ft. per min. 



161-6 


245-4 


269 


866*6 


409 


26 


89-7 


48-5 


59-8 


66 


10-2 in. 


7 in. 


6-2 in. , 4-6 in. 


4-1 in.- 


8-6 


6-4 


6 8 


9 


74 in. 


60-7 in. 


44-6 in. 


38-2 in. 


29-2 in. 



657 I 611 ; 928-5 

90 98 I 150 

8 in. 2-7 in. \ 1-8 in. 

12-4 ' 18-6 aO-7 

21-2 in. 1 19-7 in. 13-2 in. 




Fig. 250.— Headstock for 18-in. Centres High-speed Lathe (Miley). 




Pig. 254. — All-gear Headstock for 10-in. Centres High-speed 
Lathe (Lodge and Shipley). 
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Diagrams VI. and YII. give the lathe characteristics for these two lathes, 
whilst the schedules annexed give the torques corrected for fiiction, as in 
the previous examples. 




The power is much greater than what our standard calls for. A con- 
venient way of finding their weight-removing efficiencies (?) is to compare the 
actual torques provided at the tool with those of a perfect lathe of the 
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maximum belt power supplied on any speed (one, that is, possessing every 
spindle speed within the range of the machine, and the same effective power 
at the tool at every such speed), and to draw the characteristic relatively to 
that. The ratio of the unshaded area to our standard area ooihcA then gives X, 
the required efficiency. 

For the 12i-in. lathe ^ = 1-78, and for the 18-in. I = 2-04. These 
efficiencies correspond to savings of about 5s. and 7«. per ton machined 
respectively. 

The lower countershaft speeds (except for the lowest spindle speeds) are 
again shown to be of no value. 




Torque Speed Diagram for JS-in. Lathe {cone off spindle). 

DiAGBAM VII. 
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ISi-m. Lathe. Goiins off Spindle. - 

Cone step diameters, 9, 12, 15, 18 x 5 ins. wide. 

Countershaft speeds, 400 and 600 leyolutions per minute. 

Belt width taken at 4} ins. EfEeotive tension, 75 lbs. per inch width. 

Gear raUos — 8 single and 20*25 treble to 1. 

N, =600xfxl =388 T, = f ^J' ^ ' ) X 9x0-95 =880 

N, = 400 X ^ X „ =266 T, = „ X 9 x „ =880 

N3 = 500 X j| X „ =208 T, = „ X 12 X „ =606 

N4 = 400 X ^ X „ =166 T, = „ X 12 X „ =508 

N, = 500 X i| X „ =138 T, = „ x 15 x „ =635 

N, = 400 X ^ X „ =106 T, = „ X 15 X „ =685 

N, = 500 X ^ X „ =88 T, = „ X 18 X „ =760 

N, = 400 X ^ X „ =66 T, = „ X 18 X „ =760 



2810 



N,e = 400 X ^ X „ = 39-6 T,o = „ X 9 x „ = 2810 



N„ = 500x^x „ =80-8 T„= „ x 12 x „ =8080 

N„ = 400x^X „ = 24-7 T„= „ x 12 x „ = 8080 

Xl5x „ =8860 

„ X 15 X „ = 3860 

X 18 X „ = 4560 

N„ = 400 X :^ X „ = 9-78 T„ = „ X 18 X „ = 4560 



N,. - 600 X JJ X 


ft 


= 19-76 


T» = 


N„ = 400 X g X 


If 


= 16-7 


Tu = 


N,. = 600 X i X 


It 


= 12-8 


T..= 



9^ 
18' 



18-iN. Lathe. Gone off Spindle. 

Cone step diameters, 14, 18, 22, 26 x 6 ins. wide. 

Countershaft speeds, 800 and 500 revolntions per minnte. 

Belt width taken, 5] ins. Effective tension = 75 lbs. per inch width. 

Qear ratto»— 6*18 single and 44*7 treble to 1. 

N, = 600 X ^ X ^ = 150 T, = (5:1^^) X 6-18 x 0-95 x 14 = 1480 

22 
N, = „ X j-g X „ = 99 T, = „ „ „ X 18 = 1900 

N3 = „ X ^ X „ = 66-3 T, = „ „ „ X 22 = 2380 

N, = „ X ^ X „ = 43*6 T, = „ „ „ X 26 = 2760 

N, = 300 X ^ X „ = 90 T, = „ „ „ X 14 = 1480 

22 
N, = „ X jg X „ = 59-4 T, = „ „ „ X 18 = 1900 
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N, =300 X y ^ 6^ = 89'8 T, = (5:1^^) X 6-18 X 0-95 X 22 =2880 

Ng = „ x|gX „ = 26-2 T, = „ „ „ X 26 =2750 

N, = SOO X ~ X ^^;^ = 20-76 T, = „ x 44-7 X (0-96)» x 14 = 9660 

N,o= „ x|gX ,. = 18-7 T,o= ,. „ „ X 18 = 12400 

N„= » X^|x ,. = 9-16 T„= » ,. ,. X 22 = 15400 

N,. = „ X ^ X „ = 6-08 T„ = „ ,. . „ X 26 = 17960 

N„ = 800Xj^x „ = 12-43 Ti,= „ „ „ x 14 = 9660 

N„= „ X^X „ = 8-16 Tu= „ „ „ X 18 = 12400 

N„= „ xi|x „ = 6-6 Ti,= „ „ „ X 22 = 15400 



22 
26 



Ni.= » X^X „ = 3-62 Ti.= ., „ „ X 26 = 17950 



Example 8. — S2-iiL Lathe for High-speed Steel by Hulse ft Co. Motor 
driven, all-gear head (Fig. 251 and Diagram VIII.). 

This 32-in. centre patent, sliding, surfacing, screw-cutting, and taper- 
turning lathe is designed to admit 58 fb. between the centres and to swing 
46 ins. diameter over the carriages. 

The fast headstock, depicted by Fig. 251 (for general arrangement see 
Fig. 170 at end of book), is furnished with a 50 H.P. motor having a speed 
variation from 300 to 900 revolutions per minute, and mounted on a projec- 
tion from the bed at the front of the headstock. A raw hide pinion 
(37 T X 1 J in. ;p) keyed to the armature shaft meshes with the large spur 
wheel (100 T x 1|^ in. 'p) on the first-motion shaft. Keyed to this shaft is a 
pinion having 30 teeth by \\ in. pitch, which gears with the spur wheel on 
the sleeve carried by the face-plate pinion shaft. This sleeve is bushed and free 
to rotate independently of the shaft, whilst it has keyed to it the three spur 
wheels and locking plate. (The sleeve is identical with the cone sleeve of the 
ordinary lathe with cone on side shaft.) The two pinions at the tail end of 
sleeve mesh with two spur wheels on the third-motion shaft, which also carries 
a pinion and gears with the front driving wheel. Neglecting the pair of 
wheels between the motor and first motion shaft, there is one double gear — 



75 102 
30 21 



and two quadruple gears — 



ic^ 75^50^64^102 
^'^ 30 ^ 52 ^ 21 ^ 21' 

2nd ^^X^^X^^X^ 
^""^ 30 ^ 27 "^ 21 ^ 21 ' 

giving a gear ratio between the motor and face-plate of 32*8, 96*1, and 277 to 
1, and corresponding revolutions to the spindle of 27 '3 to 1*07. 

It will be noticed that the pinions have a large number of teeth, none being 
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less than 21. The gear throughout is machine-cut, and all the pinions are of 
mild steel and case-hardened. All the bearings for revolving parts are bushed 
with brass. The main spindle runs in gun metal capped bearings, the rear 
bearing being fitted with collars to take the backward thrust of the spindle, 
whilst the washer and nut within the cheeks and the nuts and washers at 
the tail of headstock take the pull on the spindle when cutting towards the 
loose headstock. Supplementary cheeks have been added to the back of 
the headstock to stiffen it for heavy cutting. The headstock is provided 
with square lips which bear on the vertical faces of the inside ways of the 
bed to resist cross-wind, and is held to it by eight short screws, two of 
which are placed immediately at the front of headstock and beneath the 
face-plate wheel. The face-plate chuck is 5 ft. 4 ins. diameter, fitted with 
four independent, hardened steel jaws, tongued and grooved into the plate, 
and actuated by four steel square-threaded screws. These screws are held 
at both ends in order that they may always be in tension. 

The bed is of the four-ghxier type with four ways, is 69 ft. 3 ins. long, 
6 ft. 6 ins. wide, 21 ins. deep, in three lengths, and provided with two non- 
rotating steel guide screws, each in one length. Four independent carriages 
are mounted on the bed — two at the back and two at the fronts-each fitted 
with compound slide rests, rotating nut, and reversing mechanism. The front 
carriages are fitted with tapering mechanism, and the front rests with worm 
and wheel adjustment to the screw in swivel slide. 



PartkvUurs of Wlieeh for *S2'inch Lathe Fast Headstock. 



Number of 
Teeth. 


! Pitch. 

1 


Bottom DIametai 
of Teeth. 


1 Top Diuneter 
of Teeth. 


Pitch 
DUmeter. 

ina. 


MateriaL 


Centres. 




ins. 


ina. 


ina. 


ins. 


87 


H 


12fi 


18J1 


181 


BawHide 


24}i 


100 




84E 


8611 


8513 


C.I. 


i» 


80 
75 


li 




12fi 


m 


M. S. 

Caae Hardened. 

O.I. 




21 
64 




88 
298 




80ft 


M. S. 

Case Hardened. 

C.I. 


20ft 

♦ 1 


27 
75 


1} 
1} 


9S 
28JJ 




m 
m 


M. S. 

Caae Hanlened. 

C.I. 


aoft 

II 


52 


II 


19jJ 


21j» 


20H 


ft 


20A 


50 


n 


1^ 


m 


m 


l» 


>» 


21 
102 


1} 


55H 


12H 
67J? 


66H 


M. S. 
M.S. 


841 

II 


15 


4 per in. 


8A 


4i 


83 


M.S. 


II 



Diagram VIII. shows our standard power curve (be) for this size of lathe, 
and the characteristic of the machine. As the headstock is driven by an 
electric motor of 50 B.H.P. against our standard of 24 B.H.P., the torque-speed 

2 c 
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curves, as given by the sloping straight lines ef^ qh, and i/, are altogether 
external to our standard curve. The spindle speed has continuous variations 
between these limits. 

The value of Z, is about 2 ; so that weight removal can take place at our 
standard rate upon each of two tools working together. 




According to our Fig. 241, the economy to be expected by this great supply 
of power, and the accompanying possibility of continuously varying the 
spindle speed, is about nine or ten shillings per ton machined, upon the 
cost of cutting with a 32-inch lathe provided with only half the power but 
possessing every possible spindle speed within the range. 
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Oar highest and lowest spindle speeds are li2*5 and 1*27 ; whilst Messrs, 
Hulse make the highest spindle speed 27*5 and the lowest 0-5 revolutions per 
minute. 

The particulars of torque motor speeds, etc., are given on the annexed 
schedule. 



Z2'inth Centre Motor Driven Lathe. Gear Ratios: Treble 32'8 to 1. Quintuple 
96*2 and 278 to 1. Motor Speeds 800 to 900 Revolutions per Minute. 
Motor torques corresponding to these speeds 875 and 800 Ib.-feet respectively. 

N. = 900 X 0^-0 = 27'4 T, = 300 x 32-8 x (0-95)8 « 8420 

and every intermediate speed and torque 

N,. . = 300 X oio = 9*13 T, = 875 x 32-8 x (0-95)8 = 24,500 

N, . . . = 900 X 9J.2 = 9-35 T, = 300 x 96-2 x (0-95)5 = 22,250 
and every intermediate speed and torque 

N,. . = 300 X gg.2 = 3-12 T, = 875 x 96-2 x (0'95y = 64,800 

N, . . = 900 X 2^ = 3-21 T, = 300 x 278 x (0-95)5 = 64,200 
and every intermediate speed and torque 

N, = 300 X 2^ = 107 T, = 875 x 278 x (0-95)5 ^ 187,500 

Example No. IX.— Lathe of 1600 mm. (60 in.) Centres by Ernst Schiess, 
Diifsddorf (Fig. 252 and Diagram IX.). 

This example is that of a 1500 mm. (60 in.) centre lathe by Ernst Schiess, 
Dusseldorf, intended for turning heavy crank shafts and forgings with high- 
speed steel. The fast headstock is 2700 mm. (106 in.) long and is driven by a 
50 H.P. variable speed motor, built on a base-plate bolted to the bed, through 
belting and a series of disengaging gears, whereby twenty different speeds are 
obtained to the spindle. A friction clutch is provided so that the lathe can 
be stopped without having to stop the motor. The face-plate is 3000 mm. 
(10 ft.) diameter and is fitted with four adjustable hardened steel jaws. The 
main spindle runs in adjustable phosphor bronze bearings, the front diameter 
of which is 450 mm. (18 in.) and 600 mm. (24 in.) long, whilst the rear 
bearing is 300 mm. (12 in.) diameter, and 385 mm. (15 in.) long. The 
arrangement of the gear is shown in Fig. 252, and the speeds obtained are as 
follows : — 
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Motor 
reTolations ist Doable gear. 
per minute. 


Spindle 
reTolntlona 
per mlnnte. 


2nd Doable gear. 


Spindle 
revolutions 
per mlnnte. 


826 21 25^ J. 
90^74-12-7 

276 


65 
60 
88 
29 
22 


21 17 1 
90 ^ 136 - 84 


24 

18-8 
14 
10-7 
8 


1st Qaidruple gear. 


6 

4-7 

3-6 

2-7 

2 


2DdQaadmplegear. 




fl25 21 25 ^ 44 ^ 17 
^^^ 90^92^' 48^135 = 
1 
137 
275 


21 25 17 17 
90 ^ 92 ^ 75 ^ 135 - 
1 
568 


1-5 
1-2 
0-9 
0-7 
0-5 



50 BhP Motor 



g5j.|8( 2ijb) 




Fia. 262.— Abrangemekt of Headstogk Geab in 1600 mh. Oentbes L^the. 

The headstock is mounted on a four way, four webbed bed 3100 mm. 
(122 in.) over ways, and 700 mm. (27^ in.) deep, whereon are fitted four 
carriages, two on the front ways and two on the back ; each provided with 
compound slide rests. The slide can be quickly withdrawn. The lathe is 
of powerful construction throughout, and admits 10,000 mm. (33 ft.) between 
centres. All gear wheels have machine-cut teeth ; the pinions, driving 




'abt Headstogk for 8J-1N. Cebtrib Lathe (Lang J, 



PRACTICAL APPLICATIONS 



389 



wheels, racks, and bevel wheels are of steel. All qmck-nmning shafts axe 
provided with adjustable phosphor bronze bearings. 

The weight of this machine complete, including two steady and one 
follower rests, four face-plate jaws, etc., is approximately 126 tons. 



o 

6 
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60-fn<^A Gefn^e Motor Driven Lathe, Gear Batios : 12-7 and 34 to 1. Quadruple 
187 and 563 to 1. Constant horse-power variable speed motor from 275 to 
825 revolutions per minute. 

N, = 825 X 2^ = 66 T = ^|^||^^ X (0-95)« = 3640 
and every intermediate speed and torque 

N =275Xji^=22 T = ^^J^? x (0-95)» = 10.750 

N . . = 825 X ^= 24 T = %^~^ X (0-95)« = 9850 
and every intermediate speed and torque 

N . . = 275 X ^ = 8 T = -2^-f^ x (0-95)« = 29.600 

N = 825 X j|^ = 6 T = ^^2^ ^xT^ ^ ^^'^^^* = ^^'^^^ 
and every intermediate speed and torque 

N.. = 275 X j|^ = 2 T = ^^^^^f^ x (0-95)* = 106,500 

N . . = 825 X g^ = 1-5 T = ^2^^y x (095)* = 143.000 
and every intermediate speed and torque 

N. = 275 X 5^3 = 0-5 T = %^^ X (0-95)« = 426.000 

The annexed schedule shows the torques, speeds, etc., and Diagram IX. 
gives the characteristic for the Schiess lathe, our standard power curve he for 
a 60-in. lathe being also drawn. The value of Z is 0*70, the motor being 
of only 50 B.H.P., instead of the 74 B.H.P. which we should specify. This 
efficiency corresponds, according to our Fig. 241, with an extra expenditure 
incurred of about 4$. or 5^. per ton machined as compared with the cost 
(about 19s. per ton) for cutting with a perfect lathe of 74 B.H.P. 

If a lathe of this size machines off 1000 tons of steel shavings in one 
year (and it may be expected to do much more), the above extra expenditure 
amounts to £250 per annum ; and this sum is needlessly expended because 
of the lathe being underpowered. Similar losses have been shown to be 
incurred in some of the other lathes illustrated, owing to various defects 
in their design ; e,g, improper gaps in the spindle speeds and undue diminution 
of the net pulling power in the middle ranges of spindle speed. 

These examples have shown that the use of the torque-revolution charac- 
teristic, together with the standard-power curve of a lathe, provides a 
convenient means of studying any proposed design and eliminating its faults. 
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Lathes bt Greenwood and Batley. 



On Figs. 129 and 140, pp. 226 and 234, are shown details of the fast headstock and 
feed-change gear for an 8-in. centre lathe by Greenwood and Batlej, Leeds. The 
driving cone has three steps — 9^in., 13i-in., and 17-in. diameter x 3| in. wide, 
which with one set of double gear, having a ratio of 6 to 1, and two countershaft 
speeds, gives the spindle speeds shown in the accompanying table : — 



Gone on countershaft, 
diameter used .... 

Cone on spindle, diameter I 
of speed used .... I 

Bevolutions per minute ' 
of countershaft . . . 



With gearing 
Without gearing 



9} in. 
17 in. 



I 



U5 



9} in. 
17 in. 



200 



13} in. 


18} in. 


17 in. 


13} in. 


13} in. 


9} in. 


145 


aoo 


145 



Bevolutions per minute of spindle. 



13-6 
81 



18-6 
111-7 



24-6 
145 



83-3 
200 



43-2 
260 



17 in. 
9} in. 
200 



60 
860 



The saddle and slide-rests for this machine are shown in Fig. 154, and described 
on pp. 254 and 255, whilst the loose headstock is shown in Fig. 194, p. 306. 



Lathe bt John Lang and 

Fig. 253 shows the fast headstock for an 8|-in. centre lathe by John Lang 
and Sons, Johnstone. The feed-change gear, the saddle and slide-rests, and the 
loose headstock for this machine have already been shown by Figs. 144 (p. 238), 
155 (p. 256), and 195 (p. 314). 

The fast headstock is arranged to be driven direct from the main shaft or 
motor, no counter-motion being necessary. 

A fast and loose pulley is mounted on the first cone shaft at the rear of the 
headstock, and two expanding cones, keyed to this shaft, drive two similar cones 
on the second cone shaft situated at the front of the headstock. A pinion C is 
keyed to the right-hand half of the latter cone, but free to allow the cone to 
slide in a lateral direction when it is opening or closing, whilst the pinion is held 
in its position by a protruding collar which bears against the wheel D on the 
spindle. The cone and wheel F are free to rotate on the shaft, but capable of 
being locked to it by means of a double-faced clutch. The wheel D is keyed to 
the sleeve of the pinion E, and is independent of the spindle, the wheel B being 
keyed to it. The wheels are continually in gear, but the arrangement of the 
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clutch is such that only one set can be positively engaged at one time. When 
running single gear the clutch on the second cone shaft is engaged with the 
pinion C, and the pinion A being keyed to the shaft drives the wheel B on the 
spindle, the wheels D, E, and F then running idle. 

For the treble gear the clutch is engaged with the wheel F, and the drive is 
then through the wheels 0, D, E, F, A, B. The cones are made to open and 
close simultaneously by means of cams cut on the bosses of the worm wheels. 
The worm wheels are actuated by a hand wheel keyed to the worm shaft as 
shown in end elevation. The cone has a long sleeve, one half being fixed to it, 
whilst the other half cone, although keyed to the sleeve, is free to slide along it. 
At the end of the cone and sleeve is a ball-thrust bearing which bears against 
the sliding sleeves G, carrying the worm wheels and thrust bowls. As the worm 
wheels are turned round, the cam, in the one case, thrusts the bowls and sleeves 
G outwards; the sleeve, in turn, through the ball-bearing, thrusts against the 
cone end and cone sleeve, thus closing it. In the other case the cam tends to 
leave the bowls ; the belt, however, acting as a wedge, thrusts the cone halves as 
far apart as the cam will allow. To prevent the sleeve G from turning, flats are 
made on the top of the bowl pins which fit the slots in the casing. When one of 
the cones is closed and the other full open, there is an effective pulley ratio of 
3 to 1 ; thus the extreme range of effective pulley diameter is 9 to 1. 

The driving pulley makes 300 revs, per minute. The spindle makes from 25 
to 21 95 with the single gear (whose ratio is 4 to 1) and from 4*96 to 43*1 with 
the treble gear (whose ratio is 20*376 to 1). This permits of a cutting speed of 
30 feet per minute being obtained on all diameters between ^ in. to 4f in. in the 
first case, and 2^ in. to 23^ in. in the second case. 

It will be observed that the speeds overlap to some extent. This would be a 
disadvantage if it limited the range of speeds, but as S^ = 40 to 1, and it permits 
of work up to 4|-in. diameter (which is the work a lathe of this size is usually 
engaged upon) being operated upon without having to engage the treble gear, 
and also allows a heavy cut to be taken at a high speed on hard material on work 
down to 2^-in. diameter with the treble gear, there is possibly some advantage in 
the arrangement. By having the cone mounted on a side shaft which runs at a 
high rate of speed and is geared down to the spindle, it is possible for a machine 
with a belt drive of this type to take a comparatively heaAy cut. The front 
spindle bearing is 4-in. diameter by 5 in. long. The back bearing is 3-in. diameter 
by 35 in. long. The end thrust of the spindle is taken on a ball-thrust bearing. 

Pabticulars of Wheels in Fast Headstock. 



Wh«cl. 



C 

D 

E 

F 

A 

B 

II 

Worm wheels . . 
Worms . . . , 

Indicator worm > 
wheel \ 



Teeth. 

35 
79 
35 
79 



Pitch. 

6d.p. 
6 „ 
G „ 
6 „ 



Pitch diameter. 



Centres. 



19 


5 ., 


76 


5 „ 


38 


8 „ 


43 


2c.p. 


— 


i M 


23 


' „ 



In. 

13A 

5i 



2J 



I 1 



8H 
2} 



Slatfrial. 



Cast iron 
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The saddle bears oa fche three top surfaces of the bed, the backward thrust 
being taken by the inside vertical face of the front surface, and a tapered slip at 
the outer face takes up the wear. The saddle is quite clear of the back vertical 
face of the bed, and is kept from lifting by the two parallel strips which fit on the 
bottom faces of the outer surfaces. 

The annexed table gives some further particulars of these lathes. 



Particulars op Langs* Variable Speed, Sliding, Surfacing, and Scbew-cutting 

Lathes. 



Height 
ceotres. 



Diameter 

of 
spindle, 

front 
bearing. 



Ratio of gear. 



Single. I Treble. 



in. 


in. 






6 


3 




17 


8 


4 




20-37 


10 


5 




27 


12 


^ 1 




30 


15 


^* 1 




83 



DrivlDg pulley. 



Diameter. 



^^^- I'^'s.s:' 



in. 
10 
14 
16 
20 
24 



3 
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Lathe by the Lodge and Shipley Machine Tool Company. 

The reversing gear, the feed-change gear, the saddle and apron for a 10-in. 
centre lathe by this firm have already been shown by Figs. 134 (p. 230), 147 
(p. 241), and 157 (p. 258). 

We now give, in Fig. 254 at the end of book, a front view of the all-gear 
headstock, and a general view of this machine (see Fig. 183), of which the 
following is a description : — 

The design shown is that adopted by this firm after much experimenting. In 
their investigation they arrived at the conclusion that they could not take the 
desired cut at the proper speed, nor obtain a finishing or fine cut when driving 
direct, if the cone was mounted on the spindle in the ordinary way. They also 
found that the pull of the strap afiected the alignment of the spindle. They 
accordingly adopted the following principles for guidance in this design : (a) The 
spindle was not to be subject to any change of alignment due to the pull of the 
strap \ (h) the greater power was to be secured by the belt rather than by using 
high-gear ratios ; (c) the finishing cuts were to be taken by the belt drive alone ; 
(d) the lubrication of the bearings was to be automatic and positive. 

The design of the headstock will be understood from Fig. 254, which shows 
the arrangement of the gears, with covers removed. The lathe is motor- driven, 
the motor being placed at the rear of the headstock and the armature shaft 
coupled directly to the shaft carrying the pinions J and G. These are keyed 
to, but free to slide together upon, the shaft. A sUding rod, having a rack 
formed upon it at one end, and provided with claws at the other, is employed 
in conjunction with a pinion and hand wheel on the vertical shaft to slide the 
pinions J and G, so that they may mesh respectively with the wheels K and H 
on the second-motion shaft. With this arrangement six spindle speeds are 
obtained from every motor speed, viz. first, G, H, I ; second, J, K, H, I ; third, 
G, H, T, A, B, E, F ; fourth, J, K, H, I, A, B, E, F ; fifth, G, H, I, C, D, E, F ; 
sixth, J, K, H, I, C, D, E, F. 

The belt-driven machine is identical with the above, except that a pulley takes 
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the place of the wheel I on the sleeve, and the wheels G, H, J, and K are dis- 
pensed with. The drives are then : first, direct, the sleeve and F being clutched 
together; 2nd, through the double gear A, B, E, F; 3rd, through the double 
gear C, D, E, F. The driving pulley, together with the pinions A and C, are 
keyed to the sleeve, which is concentric with the spindle, but at no place touches 
it (being clear by about ^th of an inch). The sleeve has its bearings formed in 
the two inner cheeks, whilst those of the spindle are in the outer cheeks of the 
headstock. The spindle is thus relieved of the pull of the belt. A clutch is 
formed on the projecting end of the sleeve nearest the front of the headstock 
which engages the clutch keyed to the spindle when driving direct. Clearance 
is allowed on the clutch so that any inequality of wear may not disturb the 
spindle alignment. Brass rings with buckets on their periphery are fixed to the 
spindle and sleeve at the centres of their journals. These buckets dip into deep 
oil wells in the headstock cheeks, and, when rotating, throw the oil over the 
journal. Suitable gutters are made in the bearings for the distribution of the 
oil, which, after passing through the bearings, returns to the well. Gauge glasses 
are fitted on the front of the cheeks to show the depth of oil in the wells. A 
similar system of lubrication is provided for the double-gear shaft. This shaft is 
hollow, and has a journal at each end, which runs in excentric bushes fitted in 
the headstock gheeks. A shaft passes through this hollow shaft to couple the 
excentric bushes, so that they are both turned simultaneously by the handle at 
the tail end of the headstock. The end thrust on the spindle is taken by the 
tail cheek and a large cast-iron collar keyed fast to the spindle. Between these 
are interposed two bronze washers placed on each side of a hardened steel washer 
of the same diameter. 

Referring to Fig. 157 (p. 258), it will be observed that the bed has a flat 
surface within the front inverted vee to provide a support to the saddle and 
reduce the span of same. On the same figure is shown a wiper and oiler, which 
is fitted at each end of the carriage to prevent grit and cuttings getting between 
it and the bed. 

The principal dimensions of these machines are given in the table on 
p. 395. 

From 13^ to 24-in. centres two treble gears are furnished by the introduction 
of a pinion on the back-gear shaft, which gears with a wheel on a third-motion 
shaft. On this shaft is also keyed a pinion which meshes with an internal face- 
plate-wheel. The arrangement is identical with that commonly employed in 
treble-geared lathes, and the disengaging device is similar to that described 
above for the double-gear shaft. 



Lathes by Hulse, Ltd. 

We have shown the fast headstock, the saddle, the quick-traversing mechanism 
for same, the front and back rests, and the loose headstock for a 32-in. lathe by 
Figs. 251 (at end of book), 171-173 (pp. 279-283), Figs. 180 and 181 (pp. 296 
and 298), and Fig. 198 (p. 309), ante. 

Fig. 255 shows the gear bracket of the driving headstock of a powerful 
36-in. centre duplex lathe recently (1906) completed by the above firm 
(Hulse & Co.). The machine was designed for sliding, surfacing, screw-cutting 
and tapering work. It had a bed 106 ft. 6 in. long, and was fitted with two driving 
and two sliding headstocks. With the headstocks in their normal position, 40 ft. 
could be admitted between the centres of each pair, and by sliding one pair 
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(driving and sliding) of headstooks to the end of the bed, 80 ft. could be taken 
between the centres of the other pair. The driving headstock at the left-hand 
end of the bed was fixed and fitted with a 100-H.P. motor, whilst the other was 
moveable and provided with a motor of 80 H.P. Both motors were of the 
variable speed type, having a speed ratio of 2 to 1 and a maximum speed of 
500 revB. per minute. The headstooks, however, were in other respects alike. 
The further reduction of speed to spindle was obtained through two treble gears 
having a ratio of 8'5 and 17 to 1, and four quintuple gears having a ratio of 34*87, 
69'74, 133-87, and 267*75 to 1. These various ratios could be quickly secured by 
means of claw-racks and pinions (as shown in Pig. 255). The variation of speed 
at the motor, together with that obtained by the change-gears, gave a variation 
of speeds to the spindle of from 60 to 1 revs, per minute. All the gear-wheels 

Leading Dimensions of the Lodge and Shipley Lathes. 
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were of mild steel and machine cut, and, with the exception of the faceplate 
wheel and pinion, all ran between bearings. The main spindle was of a very hard 
steel, and ran in hard gun-metal steps. The front journal was 12 in. diameter by 
16^ in. long. The rear journal was provided with collars, similar to those fitted 
upon a marine propeller thrust-block, to take the end thrust of the spindle. Four 
carriages were mounted on the bed, each fitted with duplex compound slide-rests 
which could be actuated transversely, independently, or simultaneously from the 



396 



LATHE DESIGN 




APPENDIX 397 

front of the lathe. The rests (back and front) on the carriages nearest to the 
driving headstocks were provided with extra long swivel slides for boring purposes, 
etc. The front rests on the carriages nearest to the loose headstock were short, 
and the back rests on the same were of extra length, and fitted with an in- 
dependent self-acting sliding motion by ratchet gear for turning the periphery of 
collars on propeller shafts, long tapers, etc. All the tool or top slides (8 in all) 
were of cast-steel. The screw-cutting and self-acting sliding motions were obtained 
through shafts in the centre of the bed, driven from the spindle by machine-cut 
steel change wheels at the end of the headstock, and other suitable gearing, 
to two simultaneously rotating nuts on the under side of each carriage. These 
nuts embraced two non-rotating screws, one on each side of the bed. Each 
carriage was also provided with a hand-traversing motion. The surfacing motion 
was effected by a swing frame and change wheels at the back of the saddles and 
the tapering motion by interchangeable worm-wheels. A quick-power traverse 
was also furnished to the saddles by a 20-H.P. motor at the left-hand end of the 
bed, and a 15 H. P. at the right-hand end. The change wheels at the end of the 
headstocks were disengaged by means of a lever and clutch, which when thrown 
over engaged the central shafts with the motor gears. The loose headstocks were 
furnished with hollow steel spindles, 7 in. diameter, and actuated by a screw and 
hand wheel for quick adjustment, or by a worm and wheel for forcing the centre 
into the work. These headstocks could be coupled to the nearest saddle and 
moved along the bed by hand or power. They were held in position by six bolts 
and clamping plates, in addition to a pawl on the head which engaged a stepped 
rack in the bed. The saddle for this lathe was illustrated by Fig. 166, and 
described on pp. 273-276, ante, 

A few years ago a lathe of 60-in. centres was considered exceptional, but since 
the turbine has taken such an important place as a prime mover, lathes of 72 to 
108-in. centres are by no means uncommon. At present these machines are 
of lighter proportions than those which we have given; and their dimensions 
would more nearly correspond to those of the " standard " 48 and 60-in. lathes 
respectively. There is, however, a general tendency to increase the power of each 
successive machine. In the latest 84-in. centre lathe by the above firm the^ head- 
stock was fitted with a 100-H.P. motor, having a speed variation of 3 to 1. The 
arrangement of the driving gear was similar to that shown in Fig. 251 (at end 
of book), whereby two changes of treble and two of quintuple gearing gave a 
speed ratio to the spindle of 60 to 1. The main spindle was made of specially 
hard steel, and ran in phosphor bronze steps. The front journal was 15-in. 
diameter. The machine was arranged to swing 12 ft. over the carriages, of which 
there were two, each fitted with duplex rests. 

The bed had four ways, the outer pair of which acted as supports only to the 
saddles, whilst the inner pair guided the same. It was 12 ft. 6 in. over the 
surfaces and 24 in. deep. 



Lathe by Ernst Schiess. 

The arrangement of the driving gear in the fast headstock for the 60-in. 
(1500 mm.) centre lathe by Ernst Schiess is shown in Fig. 252 ; it was described 
on p. 388. A general view of this machine is shown in the half-tone figure 
(Fig. 168 at the end of the book), and the saddle mechanism was shown in 
Fig. 169, p. 277. The slide rests in this machine have self-acting, reversible 
independent feeds in the longitudinal and transverse directions by means of 
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splined shafts at the front and back of the bed. A longitudinal quick-power, 
as well as a hand-traverse motion, is also provided. The upper slides of the rests 
are of steel and interchangeable with one another. They differ in design, some 
being fitted with long swivelling slides, and others being of narrow construction 
for the purpose of facing crank cheeks. 

The weight of the lathe complete, including two steady stays and one follower 
rest, etc., is approximately 126 tons. 
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Unwin, 182, 220 



t; = -4- 15...7, 29 
a 

Vees. See also Inverted Vees. 

Vernon, Mr. P. V., 344 
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